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ABSTRACT 


Detailed records of the fishery for a small discrete population of winter flounders permit 
caiculations of growth rate, natural and fishing mortality rates and recruitment which are used to 
construct yield- and value-isopleths. The analysis illustrates the value of such data in predicting 
equilibrium yields under different conditions. Results in the present instance indicate that near- 
maximum economic yields are now being realized by the fishery. 


INTRODUCTION 


THE FINAL AIM of most fishery investigation is to establish that balance in fish 
populations which will result in yields most advantageous to man. In 1947 the 
Fisheries Research Board of Canada discovered concentrations of the winter 
flounder, Pseudopleuronectes americanus (Walbaum), in St. Mary Bay in western 
Nova Scotia and demonstrated the use of small otter trawls for their efficient 
exploitation. As a result a commercial fishery began in 1948. This fishery since 
its beginning has shown a course of development common to many other fisheries: 
a rapid rise in landings as accumulated stocks are exploited, a subsequent drop, 
and a stabilization as cropping appears to reach a state of balance with production. 
The catch records, together with data from tagging, also permit measurements 
of the principal factors contributing to the state of balance. An analysis of the 
results indicates how the yield will change if the fishery or population parameters 
are changed and provides a basis for judging the value of various measures 
which might be adopted to increase the yield. 

This paper describes calculations of growth rate, natural and fishing mor- 
tality rates, and recruitment, which can be made from the available data. The 
values so obtained have been used to calculate yield- and value-isopleth diagrams 
based on a method described by Beverton (1953). Yields predicted by the model 
agree well with actual landings, supporting the belief that the model is a reason- 
able abstraction of the fishery. Extrapolation with the aid of the model suggests 
that the fishery is already approaching the maximum sustained yield under 
present market demands and fishing methods. It appears that regulation by 
restriction of the fishery could not increase yields. Some increase in yields and 
total value might be expected with an increase in the rate of fishing. 
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THE NATURE AND HISTORY OF THE FISHERY 
DESCRIPTION OF THE AREA 


St. Mary Bay (Fig. 1) is a long, gently shelving bay which empties west- 
ward into the southern side of the mouth of the Bay of Fundy. It is about 30 miles 
long and varies in width from 10 miles at the mouth to 4 miles at the eastern 
or inner end. The depth of water ranges from 22 to 25 fathoms at the mouth to 
extensive tidal flats at the head. To the north the Bay is separated from the Bay 
of Fundy by a long narrow neck of land and two islands which rise quite abruptly 
out of the water. To the south it is bounded by the mainland of Nova Scotia 
where the coastline is indented by numerous shallow coves and is characterized 
by gently sloping sand or mud beaches and tide flats. 


MOVEMENTS OF THE FLOUNDER STOCKS 


Tagging, sampling of the stocks, and a study of the seasonal variation in 
catch from place to place in the Bay (McCracken, 1954) indicate that large- 
and intermediate-sized flounders are to be found in the deep water at the mouth 
of the Bay in early spring. From there the larger, mature fish spread to the sides 
of the Bay, principally into the shallows on the south side from Church Point 
to Belliveau Cove, and move through these shallows towards the head of the 
Bay as far as Gilbert Cove. Spawning takes place all along this shore in late 
March and April. As the water warms in May and June, the spent fish gradually 
spread towards deeper water and mix with the intermediate-sized fish which 
had concentrated at a depth of about 10 fathoms earlier in the season. During 
late July and early August commercial-sized fish seem to be almost evenly 
distributed from shore to 20 fathoms. In October and November they appear to 
concentrate again about the 10-fathom contour and move towards the mouth of 
the Bay. 

Although there is this well-defined seasonal movement of flounders in, around, 
and out of St. Mary Bay, the population in the area appears to mix little with 
those of neighbouring areas. This is illustrated by the returns from a representa- 
tive tagging carried out in St. Mary Bay and in the Cape St. Mary area 10 miles 
south of the entrance to St. Mary Bay. Of 2,853 tagged flounders released in 
St. Mary Bay in late 1952 and early 1953, 602 were recovered there during the 
1953 and 1954 fishing seasons but only 13 in the Cape St. Mary area. Of 588 
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Figure 1. A chart of the St. Mary Bay area of western Nova Scotia, showing the 10 and 30 
fathom contours. 
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tags released at the same time in the Cape St. Mary area, 124 were recovered 
there but only 4 in St. Mary Bay. From such data it has been concluded that 
St. Mary Bay supports a virtually discrete flounder population. 


CHANGES IN FISHING PRACTICES 


The boats used by St. Mary Bay fishermen originally fell into two main types 
which have been described by McCracken and Martin (1950). The larger were 
decked boats averaging between 45 and 50 feet in length, powered by gasoline 
marine engines of about 100 h.p. and equipped with power-driven winches. 
They generally towed 50-foot ‘flounder drags’ or ‘‘? no. 35 Yankee trawls.”’ 
These boats were capable of towing at relatively high speeds and could work 
readily in the deepest water found in the Bay. Most of them were modified 
scallop draggers or sardine carriers. The smaller boats were Cape Island type, 
open, ranging from 30 to 40 feet in length and equipped with less powerful 
engines. Some had power-driven winches but the majority had only lobster-pot 
haulers. In the first three years of the fishery these boats towed 40-foot flounder 
nets at relatively slow speeds and those without regular winches could not easily 
fish the deep water. The majority of them had formerly been used exclusively for 
tending lobster traps and for line fishing. 

Because of the differences in the characteristics of the two types of boats 
their fishing operations differed. The larger boats started fishing earlier in the 
spring (March and April) when flounders were concentrated in the deeper 
water and only towards the end of April, when the stocks moved into shallower 
water, did large and small boats fish together in water of 10 fathoms, and shallower 
where the bottom permitted. In late May and early June the larger boats tended 
to move back into deeper water, where, although their flounder catches de- 
creased, large catches of haddock, which had the same market value, more 
than made up for it. In haddock fishing, however, boats tow more rapidly (23 
to 3 knots) than they do for flounders (1 to 14 knots) and most of the smaller 
boats lacked power for it. They therefore remained in shallow water for flounder 
fishing exclusively. This division of fishing effort was greatest during 1951 when 
the larger boats spent twice as much of their total effort fishing for haddock as 
for flounder. 

Starting in 1951, there was a rapid modification of fishing gear. The large 
boats gradually withdrew from St. Mary Bay, and the smaller boats began to equip 
themselves with more powerful engines and power-driven winches so that they 
could handle the larger nets. By 1952 the conversion was complete, and the fleet 
consisted mostly of the Cape Island-type boats fishing 50-foot, or “3 no. 35”, 
nets. These boats, however, have continued to concentrate on flounder fishing 
which occupies three-quarters of their total fishing time. Most of the haddock 
fishing is done during a short period in late June and early July. 

Throughout the history of the fishery all boats have used nets with a mesh 
size in the belly of about four inches between knot centres as purchased, and in 
the cod end of about three inches. The mesh size has been determined largely 
by the standard sizes available commercially. Such nets take quantities of 
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flounders down to about 20 cm. (8 in.), but during the early years, at least, 
landings have been limited by the fact that fish plants placed a minimum size 
of about 30 cm. (12 in.) on the flounders they would handle. Recently there has 
been a limited demand for trash fish and small flounders for animal food so that a 
small proportion of the boats have landed all fish they could catch. The majority 
discard ‘‘undersized’’ fish. 

Observations during tagging indicate that few small flounders are injured by 
being captured in the otter trawl. The catch on the commercial draggers is 
culled by hand, and flounders below marketable size are thus not killed by being 
forked overboard. More general observations indicate that winter flounders are 
hardy and will survive on deck for some time. Such observations suggest that 
the small flounders taken by the fishery are not seriously injured by handling. 
That is, the total actual kill by the fishery is represented by the landings. 


CHANGES IN LANDINGS AND FISHING EFFORT 


In Table I is presented a summary of the annual landings of flounders by the 
St. Mary Bay fleet. These figures have been obtained from log books which are 
regularly distributed to the fleet and are collected by officers of the Department 
of Fisheries in co-operation with field technicians of the Atlantic Biological 
Station. Although the detail in which the books are filled out varies, it is usually 
possible to classify about 50 per cent of the total catch by weekly intervals into 
type of gear used, locality and length of time fished, and weight of each of the 
species landed. 

As was noted earlier, boats fish for two species, flounder and haddock. The 
latter are caught in slightly deeper water and by towing faster than when fishing 
for flounders. Some catfish, cod and hake are also landed, but these are taken 
incidental to flounder or haddock fishing. In tracing the development of the 
flounder fishery and interpreting changes in it, it is therefore necessary to dis- 
tinguish between haddock and flounder trips. To do this it was decided to classify 
the weekly catches arbitrarily according to which species formed the major part 
of it. In actual practice there was little difficulty in distinguishing the two types. 
Only rarely did catches fail to be predominantly haddock or flounders. 

Since 50-foot nets have been used throughout the history of the fishery, the 
catch per unit effort selected as most likely to give comparable changes in 
availability from year to year was seasonal average catch per 50-foot net per 
hour, on flounder fishing trips. This is given in Table I which shows that from 
catches averaging 470 pounds of flounders per hour in 1948, there was a rapid 
drop to less than one-quarter of that by 1952, when 50-foot nets took only 105 
pounds per hour. In 1953 catches remained at about the 1952 level. 

To compare the drop in catch per unit effort with the history of the fishing 
intensity, total landings of flounders from St. Mary Bay were added together 
and divided by the catch per unit effort for 50-foot nets (Table I). This converts 
the flounder landings into terms of the effort that would have been required to 
catch them had all boats used 50-foot nets and fished exclusively for flounders. 
Since in 1948, 50-foot nets fishing in this way took over 90 per cent of the total 
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catch, and in every other year except 1951, accounted for about 50 per cent of 
the total, such an extrapolation seems fully justified as a basis for comparing 
effort in different years. 

A comparison of catch per unit effort (i.e., per hour) with total effort (Table I) 
shows that the former decreased most rapidly during the first three years of the 
fishery as the total effort expended increased from just over 600 to nearly 7,000 
fishing hours. In 1951, however, total effort dropped to about 4,000 hours and 
has remained relatively constant since. At the same time catch per unit effort 
levelled off and was nearly the same in 1952 and 1953. Constant catch per unit 
effort with a constant total fishing effort suggests that catches are just about 
balancing the annual production from the stock. That is, the fishery has reached 
the steady state for the conditions now existing. 

If this conclusion is correct, it is of great practical importance to know 
whether the average yield being taken from the area is as high as might be 
profitably taken under existing market conditions, and if not, how fishing practices 
could be modified to make better use of the stock. This problem may be resolved 
into three specific questions: 

(1) What is the maximum sustained yield which can be expected with 
present fishing procedures? 

(2) How would the sustained yield be influenced by changes in fishing pro- 
cedures such as an increase in size or age at first capture or a change in intensity? 

(3) What fishery conditions and procedures will give the most advantageous 
value yield? 

The analysis described below provides information from which answers to 
these questions may be formulated. 


CALCULATION OF PARAMETERS OF POPULATION CHANGES 
The most profitable approach to fisheries problems of the sort presented here 
has been the construction of models of the fishery, based upon the parameters 
of population change obtained from the fishery in question. Certain information 
is basic to all such models and includes estimates of growth rate, natural and 
fishing mortality rates, and average rate of recruitment. Parameters required 


for constructing models of the St. Mary Bay flounder fishery have been estimated 
and are presented below. ' 


GROWTH RATE 


The growth rate of St. Mary Bay flounders has been determined from 
measurements of length and determination of age of 615 specimens collected 
during the period 1948 to 1951 inclusive, together with observations of the length- 
weight relationship. The data are given in Table II. It is important that through- 
out this period there has been no detectable change in the rate of growth. The 
same is true if the growth curves for this period are compared with those 
calculated from samples collected during 1952 and 1953. This is in contrast to 
what has been found with plaice stocks of the North and Baltic Seas (Petersen, 
1920; Johansen, 1928) but speculation as to the reason for the difference is 
outside the scope of the present work. 
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Following the method used by Beverton, a modification of the growth curve 
suggested by Bertalanffy (1938) has been fitted to the St. Mary Bay flounder 
growth data, and is shown in Figure 2. A graph of weight against age was first 
constructed and a curve fitted by inspection to the points. This was clearly of 
sigmoid form with an inflection point somewhere between three and four years 
of age. The upper part of this curve was converted to a straight line using a 


method suggested by Brody (1945). That is, 
log(W..—W1-1,)) = @a—K(t—to) 


where W,, is the estimated upper asymptote of the growth curve, wi_;,) the 


weight at any age (t¢—fo), a is the intercept on the ordinate and K the slope of 
the line. 


A trial and error selection of W,, = 2.38 gave the best straight line fit to all 
the points, from which was obtained the equation: 


log.(W,,—Wc1-1,.)) = 1.87—0.39(t—to) 
whence, 


—0.39( t— te.) 
W.-W) = 6.49 
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These values were then substituted into the modified Bertalanffy equation: 
T —K(t—to)\3 
Wi») = W,(1—e ) 
’ ‘ —0.39(t—to)\3 
1.e., Wi-t,.) = 2.38(1—e ' ) 


A satisfactory fit to the observed points could also be obtained with K = 0.40 
and W,, = 2.43. Both curves are shown in Figure 2. 


NATURAL MORTALITY 


It is generally agreed that natural mortality is one of the most difficult para- 
meters to measure accurately. For the St. Mary Bay flounder fishery several 
attempts have been made to estimate it. The agreement between these estimates 
suggests that they are close to the true value. 

From a knowledge of the movements of the flounder stock and the distri- 
bution of other species which might prey on them, it was concluded that the 
winter period, when they are present in deep water, is most likely to be the 
“danger”’ period for them. At that time they are liable to depredation by monkfish 
(Lophius piscatorius L.), dogfish (Squalus acanthias L.) and sea-ravens (Hemi- 
tripterus americanus Gmelin) which thrive there. Furthermore, it appears to be the 
time when part of the stock might stray from the area and be lost to the 
population. This straying may, in effect, be regarded as a “‘natural mortality”’ for 
the population of St. Mary Bay. 

On the other hand, natural mortality must be low in summer. Preliminary 
experiments have shown that in summer flounders will not encounter temperature 
or salinity conditions in St. Mary Bay which would be lethal to them and few 
predators are known to occur there. The absence of a change in growth rate from 
1948 to 1953 further suggests that food or other conditions which might adversely 
affect flounders during the summer growing season were not limiting factors in 
this case. Most effort has therefore been directed toward determining the over- 
winter natural mortality rate, which should be close to total natural mortality 
for the year. 

Two tagging programmes were carried out and results from them were used 
to obtain estimates of natural mortality. These are summarized in Table III. 
The first programme consisted of a tagging in October 1949, and another in May 
1950. In May, 1,520 tagged flounders were released, and 574 or 0.38 of them 
were returned during the season. At the same time, 643 of the tags from the 
October 1949 tagging were also returned. If the two tagged populations were 
equally liable to fishing during the year, 643 of the 1949 tags represented 0.38 
of the number of them which were present in the area at the beginning of the 
season, and they therefore numbered 643/0.38 = 1,701 tagged flounders. But 
2,504 of the October 1949 tags had not been recovered by the end of the 1949 
fishing season, and the difference (2,504 — 1,701 = 803) may be assumed to be 
the loss resulting from over-winter natural mortality. 

Rate of natural mortality was then 803/2,504 = 0.32. 

A similar tagging programme carried out in November 1952 and April 1955 
yielded an over-winter natural mortality rate of 0.30, which agrees remarkably 
well with that given above. 
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It is possible to check this estimate of natural mortality by making use of 
the age-frequency distribution of the virgin population, since average rate of 
decrease from one age-class to another is equivalent to natural mortality of the 
unfished population. The percentage age-composition of the 1948 virgin popula- 
tion of St. Mary Bay has been determined from a series of 287 individuals in 
several samples taken during the period April through July, and is given in 
Table II. Jackson (1939) has shown that the average survival rate may be 
calculated from the fully catchable animals (in this case those over four years of 
age), as: 

194164114242 _ 50 _ 9 9. 
24+19+16+114+2 72 Pe 
whence total mortality = natural mortality = 1.00 — 0.69 = 0.31. Here again 
is close agreement with the two previous estimates. 

It must, of course, be recognized that each of these estimates is liable to 
serious error. Loss of tags may occur and would be expected to affect the fall 
taggings more seriously than the subsequent spring taggings by the time the fishing 
season began. The estimates of natural mortality may thus be too high because the 
number of tags which were not accounted for by the end of 1949 or 1952, and 
which were presumed to have represented dead fish, may simply have dropped 
off. On the other hand it is possible that tagging causes mortality among the 
flounders so treated. If so, estimates of the proportion returned from either tag- 
ging would be low. The estimates of populations of tagged fish actually present 
at the beginning of 1950 or 1953 would therefore be too high, and more tags 
would have been lost than was suggested above. It is impossible to say in which 
direction the natural mortality estimate errs from the latter cause. 

The estimate of natural mortality from the age-composition data is liable to 
sampling errors because the population of catchable flounders is segregated 
according to size, particularly during the spawning period. An attempt has been 
made to overcome this difficulty by combining samples taken over a six-month 
period. It is also liable to errors resulting from natural fluctuations in year-class 
strength. However, although such fluctuations are known to occur in flounder 
populations, there is no evidence from small samples taken in subsequent years 
that the year-classes represehted were excessively weak or strong. 

It can only be concluded, then, that the 30 per cent natural mortality 
estimate is the best that can be obtained from available data, and that it does 
not appear to be greatly in error. 





RATE OF EXPLOITATION AND FISHING MORTALITY 


As pointed out by Ricker (1944), the information obtained from fishery 
returns of a tagged population gives an estimate of the rate of exploitation. From 
the tag data of Table III, therefore, estimates of the rate of exploitation for 1950 
and 1953 are 0.38 and 0.24, respectively. If it is assumed that natural mortality 
during the winter of 1950-51 was the same as estimated above, a further estimate 
of rate of exploitation may be made for 1951 from the combined tag returns for 
the season. That is, at the end of the 1950 fishing season a total of 3,783 tags 
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remained in the population. If during the winter 30 per cent of them died, there was 
a tagged population of 2,648 at the beginning of the 1951 fishing season. Of these, 
581 or 0.22 were returned. Hence rate of exploitation in 1951 was about 0.22. 

Rate of exploitation for each of the years may be determined in another quite 
different way if the rate for one year has been determined. This method was 
expressed mathematically first by Baranov (1918) in the form: 


fe. 
fe Fe’ 
where f; is the amount of fishing effort expended in any year, ¢, and F; is the in- 
stantaneous rate of fishing in that year. Since most of the natural mortality in 
St. Mary Bay appears to take place during winter when there is no fishing, rate 
of exploitation is the same as rate of fishing. Therefore the data on total fishing 
effort from Table I and on rate of exploitation from Table III, converted to 
instantaneous rates, may be substituted into the above equation. The calculations 
are summarized in Table IV, where the rates of exploitation for both 1950 and 
1953 are used as a basis for the calculations. The results in columns headed 
» and y’ respectively show close agreement. The estimate of exploitation for 1951, 
derived above from the calculated natural mortality and tag returns combined— 
().22— also agrees closely with the 1951 estimates from Table IV—0.23 or 0.25. 
The agreement among estimates derived from these independent sets of data 
and methods of calculations is strong support for the belief that estimates of 
total effort, natural and fishing mortality are close to true values. 


RECRUITMENT 


Given the rate of exploitation and a knowledge of total flounder landings 
from St. Mary Bay, it is possible to make estimates of the population initially 
present in each fishing season. On the basis of this information, together with 
estimates of the growth of the population and the natural mortality rate, the 
change in this population from the beginning to the end of the year may be 
calculated. The difference between any final population and that present at 
the beginning of the next fishing season is an estimate of recruitment. 

For calculating initial populations it is convenient to use the Petersen tech- 
nique, which holds that if the initial population bears the same relationship to 
the landings as the initial tagged population to the tag returns, then: 


where P is the initial population, Y represents the catch, and u is the rate of 
exploitation. However, this system of calculation requires several assumptions, 
some of which are difficult to satisfy. One of the most important in the present 
instance is that of no recruitment into the stock during the period of tag returns. 
Ricker (1948) has pointed out that if there is recruitment during the period of 
tag recoveries, then estimates of initial populations will be too high. It might also 
be added that the size of the errors will depend upon the amount of fishing relative 
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to recruitment; they will be greatest when rate of exploitation is low relative 
to recruitment, and least when the reverse is true. 

Calculations of initial population in each year are shown in the first part of 
Table V. They indicate that the stock has dropped from a high of over 7.0 
million pounds before fishing began in 1948 to less than 2.0 millions in 1952, 
remaining about the same in 1953. In view of the errors mentioned above, 
estimates for 1948 and 1949 are likely to be high by a considerable margin; 
errors for the remaining years are not so great. 

From these approximate values of initial population in each fishing season, 
it is possible to calculate the changes taking place during the season. Fishing 
began in early spring, and changes in the catchable population during each 
fishing season are the result of growth and fishing mortality. Fishing mortality 
rate was shown above to be estimated from the rate of exploitation calculated in 
Table IV. It remains to estimate growth of the population in different years. 

The average weight of flounders of each age, determined from samples taken 
during the middle of the fishing season, is shown in Table II (row 2). Also shown 
(row 5) is the average percentage age-composition of the catch landed during the 
first half of each season (April through July). The size of the samples for age- 
composition is generally small, hence accuracy is low, but the sum of the products 
of percentage age-composition and the weight at each age gives a measure of the 
average weight of 100 fish in the catch of each season. This has been calculated 
and is given in the Table. Row 3 shows the approximate weight of each age of 
flounder at the beginning of the growing season, calculated from the data of 
row 2. For example, in the mid-season sampling, three-year-old fish weighed 
0.69 pounds and four-year-olds 0.94 pounds, size of four-year-olds at the beginning 


; ; 0.69+0.94 
of the growing season was then approximately oe = 0.82 pounds. Growth 


_ 


of flounders of each age during the season was obtained by subtraction, and the 
gain in weight of 100 fish during each season is the sum of products of gain in 
weight multiplied by the corresponding percentage of the age-composition. 
These values have been calculated and are given in the Table. Average rate of 
growth of the population is the ratio of gain in weight to average weight of fish 
in each year and is shown in, the last column of Table II. 

As pointed out by Ricker (1944), the rates of change in the population, when 
expressed as instantaneous rates, are additive; therefore the rate of growth in 
each season was converted to an instantaneous rate making use of tables published 
by Ricker (1948). These are entered in Table V, as are also values for instant- 
aneous fishing rate. Their sums, converted again to seasonal rate, express the 
fractional net change in the population. Positive values for 1948 and 1949 
indicate that in each of these first two seasons growth of the population exceeded 
removals by fishing so that final weight exceeded the initial. In the remaining 
years negative fractional change indicates that landings exceeded growth. 


Initial population multiplied by fractional net change gives the population 
remaining after fishing. 
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Change in the population during each winter is assumed here to be entirely 
the result of natural mortality with an average value of 0.30. Therefore, by the 
beginning of any season only 70 per cent of the population remaining after 
fishing the previous season has survived to be fished again. The difference between 
final population after the winter mortality of one season and the initial population 
of the following season represents new recruits. This is shown in the last column 
of Table V. 

As pointed out above, this simple method of estimating recruitment is not 
accurate. It regards recruitment as taking place just before the fishing season 
of each year, despite indications that much of it takes place during the year. 
Estimates of initial population in each year are accordingly too high, especially 
in 1948 and 1949. This in turn has resulted in estimates of final population in 
1949 which are higher than initial population of 1950. However for 1950 through 
1953, these errors are likely to have been relatively small and to have affected 
population estimates to about the same extent. That is, estimates of recruitment 
for these years may be of approximately the correct magnitude, and have been 
so regarded below in constructing models of the fishery. 

That the calculations of recruitment do have real value as estimates of actual 
recruitment, despite the repeated emphasis on possible errors, is supported by a 
comparison with the observed age-composition of the landings. Table II shows 
that three-year-old fish formed only 1.2 per cent of 1950 samples, and were mis- 
sing from 1952 samples. In Table V calculated recruitment was also lowest for 
these two seasons. According to Table II recruitment for 1951 and 1953 was 
three to four times that for 1950, and presumably exceeded 1952 by a similar 
or greater amount. Calculated recruitment for 1951 and 1953 (Table V) was 
about ten times that of 1952. 

Recruitment expressed here as pounds of flounders may be converted to num- 
bers of recruits. Age-composition data indicate that flounders are first accepted 
by industry when they are three years of age, although they are known to be 
catchable at smaller sizes, and probably first enter catches and landings as 
animal food at two years. According to the information from age-compositions of 
landings, however, they are not fully catchable until nearly five years of age. 
This is partly the result of size selection by fishermen but also partly the result 
of differences in depth distribution with age and sexual maturity which have 
been noted by McCracken (1954). Only 20 per cent of three-year-olds and 75 
per cent of four-year-olds are sexually mature. The average age at first capture 
appears, therefore, to be between three and four years or at a weight of about 
0.80 pounds. 

Using this estimate as average weight at recruitment, the number of annual 
recruits given in Table V varied from about 100,000 to slightly over 1,000,000 
flounders. Considering that the age-composition data show that there have been 
few missing or weak year-classes in the St. Mary Bay stock, it is reasonable to 
conclude from Table V that annual recruits between 0.8 and 1.0 million flounders 
may be expected. 











MODELS OF THE FISHERY 


To answer the questions posed at the beginning of this paper, models of the 
fishery have been calculated by substituting parameters similar to those calcula- 
ted above into an equation developed by Beverton (1953). Beverton’s equation 
is the most comprehensive of such equations proposed to date, and differs from 
previous models in that the life span of fish is divided into several phases. These 
phases take into account the period between their first arrival into the area and 
the time they first become exploited, and the length of time during which they 
are subject to fishing. A further major step towards reality has been the use 
of the generalized sigmoid growth curve proposed by Bertalanffy. It describes 
growth over most of the life span of the fish in terms of constants derived from 
experimental physiology rather than in terms of the empirical cubic equation 
used by Baranov (1918), or the exponential used by Thompson and Bell (1934) 
and Ricker (1944) which are applicable over a more limited range. The difference 
between calculated sustained yield obtained by using empirical sigmoid curves 
with different inflection points and that by the cubic or exponential was discussed 
by Tester (1952), although he did not attempt to develop a general expression for 
the growth curve. 


THE YIELD-ISOPLETH DIAGRAM 

Beverton’s model assumes that R fish enter a fishing area at age f,, and are 
subject only to the instantaneous rate of natural mortality, M, until age /,,, 
when they enter the fishery and are subjected to the instantaneous rate of fishing 
mortality, F, as well. Thereafter they grow, die naturally, or are fished up to some 
maximum age f, at which time they have, for all practical purposes, been removed 
from the population. 

In such a case the average annual yield from a balanced population, or the 
average yield from each year-class during the time it is subject to fishing is given 
by the equation: 


h 


r ~ —M(t,7—t,) —(F+M)(t—t,7) 
Y, = FRe oe f, ere fo ep, 5st 
a ase 


p 
where Y,, is the catch in pounds and wiy_;,) the average weight at time f. 
Substituting the growth equation for wi_;,) and integrating: 


n=3 oO —nK (t,1— to) 


y = T —)} »—t,) sent (F+M+4+nK)(t t,*) 
Y, = FRW.e"‘'"— —"________ (]_¢ A~#p”)) 
. a F+M+nk 
where 25 = +1, 2; = —3, 2 = +3, 02; = —1. 


This model differs from the situation thought to be true for St. Mary Bay 
principally in that natural and fishing mortality and growth are assumed to 
operate concurrently throughout the season, whereas in St. Mary Bay most ol 
the natural mortality is separated from the other two in time. This, however, 
makes little difference to the estimated sustained yield of the two situations, 
catches from the model used here being, in general, slightly higher or lower than 
would be the case in models where the types of mortality were separated, depend- 
ing on whether natural or fishing mortality is allowed to operate first in the 
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calculations. Otherwise, the model appears to describe adequately what we 
know of the population. 

In constructing fishery models for comparison with the St. Mary Bay fishery, 
it has been deemed of greatest importance to know how the sustained yield 
changes if, given certain conditions of growth, recruitment, and natural mortality, 
the fishing intensity or age at first capture were changed. These latter two are 
the only parameters under control of man. It has accordingly been assumed 
throughout, that recruitment to the area takes place at t, = 3.0 years of age and 
numbers 1,000,000 flounders each year. It is also assumed that all flounders die 
at an age 4, = 18 years. The constant recruitment has been combined with two 
different growth and three different natural mortality parameters to give, in all, 
four different stocks. These are illustrated in Figure 3 in what Beverton has term- 
ed yield-isopleth diagrams. In Figure 3A, B, and C constant growth and recruit- 
ment are combined with three different natural mortality rates. In Figure 3D, 
recruitment and natural mortality are as in Figure 3B, but the growth rate is 
decreased. 

For each of these four situations the yield-isopleth diagram shows how the 
sustained yield of a balanced fishery will change with various combinations of 
fishing intensity and ages at first capture; the curves drawn in the graphs joining 
points of equal yield. The information from these curves provides a basis for 


judging the desirability of various control measures which might be used in 
regulation of the fishery. 
COMPARISON OF THE MODELS WITH THE FISHERY 

The yield-isopleth diagram shown here as Figure 3A illustrates the situation 
thought to be nearest that of the St. Mary Bay fishery, and is calculated using 
parameters derived earlier in this paper. That is, 1,000,000 recruits at age 
t, = 3 years are subjected to seasonal natural mortality of 0.30 (instantaneous 
rate, M = 0.36) and have a growth rate described by the growth constants 


K = 0.40 and W,, = 2.43. They are then subjected to fishing up to the maximum 
age fy = 18 years. It was indicated earlier that the average age at which flounders 
enter the fishery is about 3.5 years (although they may enter as early as 2 and 
not be fully catchable until nearly 5 years) and that they are subjected to a 
seasonal fishing rate of about 0.22 (instantaneous rate, F = 0.25). Under these 
conditions the sustained annual yield predicted by the model, shown as point 
P on Figure 3A, is just over 0.5 million pounds. This agrees well with the 
observed total landings listed in Table I for the past three years, and supports 
the belief that the model is a reasonably close abstraction of the fishery. 

From Figure 3A it is possible to predict what will happen to the catch if the 
age at first capture, or the fishing intensity, were to change. It shows, for example, 
that if the age at first capture is raised above the present level, or if the fishing 
intensity is lowered, catch will decrease. On the other hand, catches will increase 
only if the flounders are captured at smaller sizes and fished harder than at 
present. From this it must be concluded that there is little basis for restrictive 


regulation of the fishery as any restriction would tend to lower the annual 
vield. 
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FicureE 3. Yield-isopleth diagrams for the St. Mary Bay flounder fishery. Yield contours are in 
units of pounds. See text for meaning of symbols. 
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It was suggested above, however, that the 30 per cent estimate of natural 
mortality may be too high. Under such conditions, models shown in Figure 3B 
or 3C would be more appropriate. With low fishing intensities, such as now exist, 
they show essentially the same trends as Figure 3A, although sustained catches 
are at a higher level for the same fishing intensities. An important difference is 
that landings tend to reach a maximum at intermediate rates of fishing. For 
example, from Figure 3B, with an instantaneous natural mortality rate of 0.25, 
and age at first capture of 3.0 years, a maximum catch of just over 0.9 million 
pounds per year occurs at an instantaneous fishing mortality of 1.10 (seasonal 
rate of 0.67). Landings increase slightly if the age at first capture is raised to 
3.5 years but decrease thereafter. From Figure 3C, with instantaneous natural 
mortality of 0.15, and ¢,, = 3.0 years, maximum catches occur at an instant- 
aneous fishing intensity of about 0.60 and increase with increasing ft, up to 
about 4.5 at slightly higher fishing intensities. 

On the basis of this information it appears that, even should estimates of 
natural mortality be erroneous, the conclusion still applies that, under present 
fishing conditions (instantaneous fishing mortality of 0.25), catches from St. 
Mary Bay can be increased only by increasing the rate of fishing and taking 
fish at an earlier age and that restriction would have a tendency to lower the 
catch. 

It is important, however, to know whether it is economically feasible to in- 
crease the sustained yield from the area by encouraging greater effort. The 
answer to this problem is, of course, mainly economic in nature, and principles 
stated by Graham (1935) and elaborated by Gordon (1953) and Beverton (1953), 
agree that the maximum yield is not likely to be economically feasible. The pre- 
cise information required to determine the most economical rate of fishing is not 
yet available, but provisional answers may be obtained from age- and weight- 
composition of the stocks at different fishing intensities, market prices, and 
construction of value-isopleths based on yield-isopleth diagrams. 

For calculating value-isopleths, the age-composition of the balanced stocks 
which would be present under different fishing and natural mortality rates and 
different ages at first capture was calculated and converted to weight-composition 
using the data from the growth curve in Figure 2. It is known that, during the 
history of the fishery, flounders of 30 cm. and over sold for an average of four 
cents per pound and that smaller flounders were sold for about half that amount. 
On the basis of this information, the proportion of each size-category in the 
balanced catchable stock, hence their proportion in the catch, was calculated, 
and the results used to convert weight yields expected from the yield-isopleths 
to the equivalent yield in dollars. Two such value-isopleth diagrams are presented 
as Figure 4A and B, corresponding to the yield-isopleths, Figure 3A and B. 

In both value-isopleth diagrams, maximum dollar value with early ages of 
first capture occurs at lower fishing intensities than does maximum weight-yield 
from the corresponding yield-isopleths. With later ages at first capture total 
value remains almost constant over a wider range of fishing intensities. For 
example, Figure 3A indicated that, with an age at first capture of 3.0 years or 
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over, total weight of catch increases with increased fishing intensity up to the 
maximum considered, but Figure 4A shows that the total value of the catch 
reaches a maximum at an instantaneous fishing mortality of about 0.70. Figure 4A , 
also shows that at greater fishing intensities it pays to raise the age at first cap- 

ture. That is, although total weight of the catch will be less if the fish are first 
captured at older ages, the value of the fish would be higher, a result of a greater 
proportion of the catch being of the more valuable larger sizes. 
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yield-isopJeth diagrams shown in Figure 3A and 3B. 


Maximum weight and maximum value yields occur at fishing mortalities 
which are above those of the present fishery, so that any increase in fishing effort 
would result in higher total weight and value of catch. Present instantaneous 
fishing mortalitvy—-F—was estimated at about 0.25. Since F is proportional to 
fishing effort, to attain an F of 0.50 the present effort would have to be doubled, 
and with age at first capture of 3.5 years Figure 4A shows that this would result 
in an increase of only 30 per cent in value of the landed catch. But it is believed 
that total fishing effort in St. Mary Bay is already limited by returns per unit 
effort. It therefore appears unlikely that increase in catch by increasing effort is 
economically feasible under present conditions. 

In this lower range of fishing mortalities, then, the value-isopleths lead to the 
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same conclusions regarding the fishery as do the yield-isopleths. The St. Mary Bay 
flounder fishery is probably realizing the maximum sustained yield possible under 
present market conditions. Increases in total yield and total value could only be 
expected if the fish were to be taken at slightly smaller sizes and if the effort 
could be increased. The benefit from the first change is likely to be relatively 
small, and it appears that increased total effort of the type now used would give 
rise to so great a decrease in catch per unit effort that increases in fishing intensity 
would not pay. The final answer to such problems will of course require a more 
detailed knowledge of costs than is available at the present time. But when such 
are available, models of the type constructed here should provide a basis for 
judging whether or not any proposed changes would work to the advantage of 
the industry as a whole. 
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ABSTRACT 


A significantly faster growth rate by native and planted eastern brook trout followed the 
addition of commercial fertilizers in sufficient quantities to provide potential additional con- 
centrations of 0.39 mg. P, 0.21 mg. N and 0.27 mg. K per litre in Crecy Lake (20.4 ha.; 
mean depth, 2.4), New Brunswick. Largely because trout planted as fingerlings attained 
suitable angling size when yearlings, the rate of capture and the yield by weight to anglers 
approximately doubled. The improved growth rate, but not yields, persisted into the second 
and third years after fertilization. Coincident was an increase in predation by fish-eating birds 
and mammals. With predator control and the same stocking rates, the yield of trout flesh 
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produced in the lake increased from 0.9 to 5.9 kgm. per hectare over the next two-year period. 
With predator control extended to trapping eels in the lake, a second comparable fertilization 
with respect to concentrations of P, N and K, and a doubling of the stocking rate, a yield of 
9.7 kgm. per hectare was realized. he growth rate was somewhat depressed with the heavier 
stocking, notwithstanding a second fertilization. Facilities for natural reproduction were poor 
and planted trout (fingerlings and yearlings) sustained the fishery. Maximum survivals of 
planted trout (all marked) to anglers’ catches were 20 per cent for fingerlings and 88 per cent 
for yearlings. Cropping of trout of age II was thorough. For the most part, movements of 
planted trout (trapped in outlet) from the lake would have occasioned minor losses. 

Neighbouring Gibson Lake (24.0 ha.; mean depth, 4.0 m.) was fertilized with one-half of 
the concentrations of P, N and K applied to Crecy. Stocking with trout was at comparable 
rates but no predator control was exercised. Little improvement was noted in the growth of 
the trout. Only when yearlings were planted late in the fall and angled early in the spring 
was there any improvement in the anglers’ catches. 


INTRODUCTION 


CoMMERCIAL inorganic fertilizers were added to Crecy and Gibson Lakes, New 
Brunswick, to determine whether their productive levels could be raised by such 
manipulation of the chemical environment and result in better yields to anglers 
of the eastern brook trout, Salvelinus fontinalis (Mitchill). It had been estab- 
lished previously that poor yields of trout, either native or planted, from these 
and other lakes of the region were associated with a low fertility of the waters 
(Smith, 1952a). 

The impression was gained as the investigation proceeded that predation 
by fish-eating birds and mammals was nullifying the favourable effects of the 
fertilization at Crecy Lake. Accordingly, control measures were undertaken to 
assess the extent to which their depredations affected the survival of trout to the 
anglers’ creels. Later, to make the control measures more complete, the program 
was extended to include the eel, which, aside from the trout themselves, is the 
only piscivorous fish in Crecy Lake. Predator control was not exercised at Gibson 
Lake. 

The effect of fertilizers upon the chemistry of the water, the plankton and the 
bottom fauna in Crecy Lake during the first summer and fall following a fertiliza- 
tion in June 1946 has been described (Smith, 1948c). Two progress reports, 
dealing principally with the crop of trout, have also been issued (Smith, 1948b, 
1952b). The literature on the artificial fertilization of lakes has recently been 
reviewed by Maciolek (1954). 


CHARACTER OF THE LAKES AND DRAINAGE AREA 


Crecy is a headwater lake on the short Bocabec River system and Gibson 
is third from the sea of five lakes in the equally short Chamcook chain in Charlotte 
County, southwestern New Brunswick. Both lakes lie within five miles of salt 
water (Passamaquoddy Bay). 

Certain morphometric features of the lakes are given in Table I. The lakes 
receive drainage from a well-wooded area which is characterized by thin soils, 
overlying a formation of Devonian granite, granite gneiss and gabbro (Can. 
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Dept. Mines, Geol. Surv., Map 259, 1931). The waters are poorly mineralized. 

The limnology of the lakes has been more fully considered in an earlier 
publication (Smith, 1952a). Effects of the fertilization of Crecy and Gibson 
Lakes upon the chemistry of their waters and upon the plankton and bottom 
fauna will be discussed in subsequent publications. 


TABLE I. Morphometry of Crecy and Gibson Lakes. 


Crecy Gibson 
Area 20.4 ha.;50.4ac. 24.0 ha.; 59.4 ac. 
Mean depth 2.4 m.; 7.8 ft. $.0 m.; 13.0 ft. 
Maximum depth 3.8 m.; 12.5 ft. 6.1 m.; 20.0 ft. 
Volume 0.49 &K 10% cu. m.; 0.95 XK 10% cu. m.; 


17.18 & 10% cu. ft. 33.31 & 108 cu. ft. 


PLANTING OF TROUT 


It was found that the introduction of hatchery-reared trout into lakes of the 
the region did not materially improve the angling (Smith, 1952a). Nevertheless, 
the planting of trout in Crecy and Gibson Lakes was considered advisable to 
assure sufficient stock to take advantage of possible increase in the lakes’ pro- 
ductive capacities after fertilization. An adequate supply of young native trout 
was not assured. Spawning facilities at both Crecy and Gibson Lakes are limited, 
at the former to littoral areas, and at the latter to two small rocky tributaries and the 
outlet, all of which become low or dry over much of their courses by late 
summer. 

The number of the trout planted each year in Crecy and Gibson Lakes is 
given in Tables VII and VIII and the average length and weight in Tables II 
and III. Until 1951, the planting rate approximated that adopted in 1939 in a 
study of the contributions made by planted hatchery-reared trout to the anglers’ 
catches from these and neighbouring lakes (Smith, 1952a). The rate was doubled 
in 1951 and in later years. 

Planting dates are presented in Table II. Yearling trout (age I) were 
planted sufficiently late in the season that they were not fished in that year, with 
one exception. Of 772 yearlings planted on June 30, 1946, in Gibson Lake, 201 
were taken by one group of anglers later in the summer. 

The various plantings of trout were distinguished by fin-clipping. For each 
planting this involved the removal of the adipose and one of the rayed fins. The 
clipped rayed fins were prone to regenerate in varying degree, particularly in 
the case of those trout marked when fingerlings. However, little difficulty was 
experienced by the creel-census takers in segregating the marked fish. Clipped 
adipose fins showed negligible regeneration. 

In this paper reference to native trout is to those fish that were spawned 
and reared in Crecy and Gibson Lakes or their tributaries. After stocking was 
systematically undertaken it is probable that most of these fish were progeny of 
planted trout. 
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The trout planted in Crecy and Gibson Lakes were supplied by the Fish 
Culture Development Branch of the Dominion Department of Fisheries from its 
hatchery at Saint John, N.B. 

CREEL CENSUS 

Creel censuses were conducted during the angling season (April 1, or as 
soon thereafter as the ice left the lakes, to September 30) by a man stationed 
at each lake. Almost all fishing at Crecy Lake was from boats controlled by the 
census taker. At Gibson Lake, more fishing was from shore but this was confined 
largely to a small area from which casting was possible. 

Each captured trout was examined for clipped fins. Fork length to at least 
the nearest half centimetre and weight to the nearest half ounce, or in the case 
of the smaller fish, quarter ounce were recorded for the majority of fish. The 
number of rods and the fishing time to the nearest half hour for each were also 
recorded, even if no trout were taken. Scale samples were obtained from the 
native and certain of the planted trout. 

The fishery laws for New Brunswick impose no limit upon the size of 
speckled trout that may be taken from most lakes, among which are Crecy and 
Gibson. 

THE FERTILIZERS AND THEIR DISTRIBUTION 

Both Crecy and Gibson Lakes received two applications of fertilizers. Upon 
each occasion the quantities of nitrogen, phosphorus and potassium per unit 
volume added to Gibson were approximately one-half those distributed in Crecy 
Lake. Crushed limestone was however included in the first application to Gibson 
Lake. Otherwise, the quantities of nutrients in the first and second applications 
to Gibson Lake were comparable. 

The amounts of fertilizers in each application to Crecy Lake were sufficient 
to give a concentration of 0.39 mg. of phosphorus (P), 0.21 mg. of nitrogen (N), 
and 0.27 mg. of potassium (K) per litre if equally distributed throughout the 
volume of the lake, and to give one half these concentrations in Gibson Lake. 
Just prior to the first fertilization, the total phosphorus content of the water in 
Crecy and Gibson Lakes averaged 0.016 mg. and 0.015 mg. per litre, respectively 
(Smith, 1952a). 

Although the fertilizers in the first and second applications provided com- 
parable amounts of nitrogen, phosphorus and potassium, their formulae differed 
in some respects. It proved necessary to accept those fertilizer formulae that 
were available at the time. The dates of application, the nature of the fertilizers 
and the quantities distributed in the two lakes follow: 

Crecy LAKE 
Application 1. June 19 and 20, 1946 


Ammonium phosphate (11% N, 48% P.O, ) 2,000 Ib. 

Muriate of potash (60% K,O) 500 lb. 
Application 2. June 20, 1951 

Ammoniated superphosphate (5% N, 17% P.O; ) 4,400 Ib. 

Superphosphate (19% PO, ) 1,000 Ib. 


Muriate of potash (50% K,O) 600 Ib. 





“opqeyre Av spe 91 ON 






















(Z99) (2E1) 
* £0'°% F 0°82 th SF 09% ZS61 ‘8% “YO 
(969) (621) 
* 82'2 F 9° $12 F 8°02 ZS6I ‘L “Ideas 
(1S) (IZ1) 
Cl°'€ F I 22 If & F 8' FZ IS61 ‘SZ “AON 
(112) (29) 
SFE 12 OSFE LI IS61 ‘¢ 3ydag 
(fel) (291) (822) (6&3) 
r 18'S ¥ F'9Z tr S F 0'9% ZS61 ‘6% YO Zee CFS F 0'S% €8° I = 9's! OSeL ‘FZ AML 
(6FL) (86) (2) (181) (09) 
* €h'S F 2°82 SI'S F Itz IS6T ‘IT “AON ¢'9€ OL T F 8°92 w3'1 + 2S! GFT ‘Ze AINE 
(31) (6€2) (IT) (09) 
€3'% F 9°SZ €8'I ¥ S'SI OS6I ‘Fz AInf * oF € FZ OF Of TF 291 SFI ‘2% AIMS 
(1) (0Z) (9) (93) 
1°08 00° F LIZ SIZ 1°81 6FGI ‘1% Ainf * 26°I + O'IE I9 LFF 12 LEGL ‘TT Aine 
(€) (FT) (ZL) (O11) (S01) 
¢'0F 12'2 F G'9Z 8°23 F O'LI SFGI ‘ez AInf * 121 F 6'8Z 1 FE IZ Orel ‘2g aunt 
(62) (Z11) (Z1) (¢9) (22) 
‘ OL'T F 9'°9% Ol'S FZ 1Z LEGIT ‘% Aine Ol'S + €'ZE £91 F 9°SZ 613 FZ '61 CHOI ‘FZ OuNL 
(9¢) (g) : (IF) 
* IS SF S'S OFGI ‘OE euNnL zie * 6L°1 ¥F £°8% FRGT ‘2 (99°C 
SSULAVIA SP pojuRld 
inured Surjueryd pazurjd Burjuryd Surjuryd sunueyd poured Sunueryd 
JOJJE AVIA PUZ JOUJV AVIA 4ST udu jo a3eq] Jaye 1V9dA 49} Je IPIA 4ST IAA jo 97eq] 
Y sua] 9 iis yisuay] 
dYe'T uosqiry : oye] A901 
*sJayor ul sajduues ul 





ue AdIIZ UI 3NOI) payuRjd JO yuI] Ul yYMossy) *T] ATAV]$ 





p4epueys YyIM SeIJOUITVUVD ul yys J uPOIY ‘SoYe'T] uos 





Joquinu pue . 








(Z) 
9°€I 
(31) 
* C60 F III 
(2) 
8°08 





3unu ed 
Jaqje Iva 4sT 


7 y33ua7y 


Sunueyd 
Jaqje 1eaA puz 








26 
89 
1% 


(29) 
OFL 
(OF) 
‘lF9 
(¢g) 
lt 
(19) 
‘OF9 
(02) 
‘OF0 
(26) 
‘OFF 
(6) 
OFF 
(GZ) 
TEL 





pajue|d : 
usyM 








“a qQe]reAe Ssp4so0o01 ON, 




















aye] UOsqIy 





9 ZS6I ‘Eg ‘3dag 
(cost) (29) 
L IS6I ‘9 ‘3das * #8°7.6 91 16°0 F 2°9 ZS6I ‘G ‘3das 
(962) (2611) (€) 
8 OS6I ‘ZI “3dag 82°S F OF LLZF8'SI SII F6'2 IS6I ‘2 “3dag 
($82) (¢06) (¢¢ 
9 6F6I ‘Z “Ida Zo 'S FZ SS 90° F O'LI 62° 1  F'8 OS6I ‘ZI “3dag 
(89) (09) (29) 
9 SFI ‘E *3dag 60° ¥F 6°SZ 91°2 + 061 62:0 9'9 6F6I ‘Z “3dag 
(Z) (€2) (¢2Z1) 
9 LEGI ‘§ “3das 9°08 G6'I F FIZ t8'OF 1'9 SF6I ‘gE “3dag 
(ST) (Z8) (92) 
L OFGI ‘9% “3NY LOI FE ee G6 I F S'&Z C60 F FL L¥6I ‘8 “3dag 
(SZ) (FEZ) (6%) 
FI IF6I ‘€ “99d LIF CE 08 IF LIZ 60° 1 #28 9F6I ‘6 “342g 
: " sSulpasuy se pajuryg 7 : . 
ae Zunued = =—~<C—«S QUIT ar Sunuryd 7 pozurjd Sunueyd 
jo 33eq Jaye 1eah pug Jaqye rea 4sT usyM jo a3eq 
is - oe ie y33ua7] ; 
a _ ayey Ad019) — 





(panuyuod) |] ATaV], 


RR 





216 


Gipson LAKE 
Application 1. July 22 and 23, 1947 


Ammonium nitrate (334% N ) 700 Ib. 
Superphosphate (20% P,O; ) 5,000 Ib. 
Muriate of potash (50% K,O) 700 lb. 
Pulverized limestone (93-98% CaCO, ) 6,000 lb. 
Application 2. June 25, 1951 
Ammonium nitrate (334% N) 700 Ib. 
Superphosphate (18% P.O; ) 5,100 Ib. 
Muriate of potash (50% K,O) 700 |b. 


The fertilizers were distributed in dry form as received from the suppliers. 
At Crecy Lake, about 60 per cent of the fertilizers was broadcast over the shallow 
littoral zone and the remainder over the deeper water. At Gibson Lake, almost 
all of the fertilizers were spread over water of two metres or less in depth. 
Distribution was made at both lakes by shovel from a platform supported by 
pontoons and propelled by an outboard motor. 

The fertilizers applied to Crecy Lake in 1946 were donated by the New 
Brunswick Resources and Development Board, the others by the Maritime 
Fertilizer Council. 


METHODS OF PREDATOR CONTROL 


Control measures against fish-eating birds and mammals at Crecy Lake 
involved shooting and trapping as many as possible, and, short of this, frighten- 
ing them from the lake. The large measure of success attained resulted from the 
small size of the lake and from residence of a competent guardian on the lake 
throughout the year. It soon became apparent that the incidence of visits by the 
predators was greatest at dawn or shortly thereafter. Certainly the control would 
have been much less effective if it had been exercised only during the usual 
daylight working hours. 

Attempts to reduce the numbers of eels in Crecy Lake have been made (1) 
by setting a number of baited traps in the lake during the summer months since 
1950 and tending them daily, and (2) by erecting a barrier in the outlet to 
prevent the entrance of young eels. The eel is catadromous and lacustrine popula- 
tions are recruited from the: young eels or elvers that enter fresh water from the 
sea each spring and summer. Thus, the most effective long-term control of the 
eel in a lake is to bar access by the young. The essential features of the elver 
barrier are (1) that it is water-tight and (2) that all the water is channelled 
through an overshot flume. Elvers are especially persistent in their upstream 
migrations, and will successfully pass an apparent barrier through small leakages. 


SCHEDULE OF ACTIONS TAKEN 


Since a number of actions were taken at Crecy and Gibson Lakes over a 
considerable period of time, the following schedule, showing their chronological 
sequence, is presented for ready reference. The plus sign following any year 
signifies that the action has been continuous or taken at the appropriate time 
thereafter. 





aA 


1 





Crecy Gibson 


Planting hatchery-reared trout 


Fingerlings (age 0) 1940, 1946+ 1941, 1945+ 
Yearlings (age I) 1944+ 1946+ 
Creel census 1943, 1944, 1944+ 
1946+. 
Fertilization 1946, 1951 1947, 1951 
Maintenance of outlet barrier to trout 1948+ 1944+ 
(part of certain 
years ) 
Predator control 
Fish-eating birds and mammals 1949+ none 
Eels 1950+ none 


RESULTS OF THE FIRST FERTILIZATION 
GROWTH OF TROUT 


PLANTED FINGERLINGS. In Crecy Lake after fertilization, fingerling trout 
planted on September 9, 1946, increased in average length from 8.2 to 21.7 cm. 
and in average weight from 7 to 130 g. by the time they were angled during the 
following spring and summer (Tables II and III). This favourable growth rate, 
whereby the planted fingerlings attained a suitable size for angling when year- 
lings, is largely attributed to the beneficial effects of the fertilization. The con- 
tention cannot be supported by data on the growth of trout, native or planted, 
from the fingerling to the yearling stage in Crecy Lake before fertilization. 
However, it is substantiated by other evidence. The same stock of fingerling 
trout that was planted in Crecy Lake in 1946 was also introduced into the then 
unfertilized Gibson Lake on August 26 of that year at an average length of 
7.4 cm. Twelve specimens from this planting were captured during late May 
1947 when they had an average length of 11.1 cm.—an increment of 3.7 as against 
13.5 cm. in Crecy Lake (Table II). Although concerned with older trout (ages II, 
III and IV) and with relatively few specimens from Gibson Lake for comparison, 
records of the growth of native trout in the two lakes before fertilization suggest 
that such disparity in fingerling growth would not have normally been expected 
(Table IV). It is also pertinent that creel censuses conducted on Crecy and 
Gibson Lakes before fertilization, as well as on six neighbouring lakes, showed 
only two yearlings among 1,007 native trout captured by the anglers over a 
period of years (Smith, 1952a). These findings indicate that yearling trout were 
not large enough to be captured, or, if taken, not of suitable size to be retained 
by the anglers. 

The growth of the fingerlings planted in Crecy Lake in 1947 and 1948 was 
even better than that exhibited by those introduced in 1946 (Tables II, IIL). This 
improvement may be attributed to the fertilization, but only in part, since as may 
be judged from the creel-census data, there was a relative ‘ly poor survival of the 
1947 and 1948 plantings of both fingerlings and yearlings during their first year 
in the lake (Table VII). Accordingly, the survivors encountered reduced com- 
petition from food for at least part of their sojourn in the lake. On the other hand, 
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TABLE III. 





Date of planting - 


June 


June 


July 
July 
July 


July 


Sept. 
Nov. 


Sept. 


Oct. 


Sept. 


Sept. 


24, 1945 
27, 1946 
11, 1947 
22, 1948 
22, 1949 
24, 1950 
5, 1951 
2, 1951 
7, 1952 


28, 1952 


9, 1946 
. 8, 1947 
. 3, 1948 


. 2, 1949 


12, 1950 
7, 1951 
5, 1952 


When planted 


Weight 


Growth by weight of planted trout in Crecy Lake. Mean weight in grams 
with standard deviation, and number in samples. 


lst year after planting 2nd year after planting 


Planted as yearlings 


83* 


117* 


118* 


18* 


78* 


92+ 40.0 


(101) 
60* 


192* 


111 + 
(129) 

221+ 75.1 
(157) 


61.8 


200 + 37.1 


Planted as fingerlings 


7.0+2.9 
(49) 


5 .6* 


8.9+ 4.1 
(55) 
8.44+2.9 
(33) 
4.2+1.7 
(62) 


*Individual weights not available. 


439 + 83.1 





(65) (10) 
278 + 53.6 
(110) 
384+ 93.8 
(26) 
380 + 145.4 
(11) 
270+ 58.1 478 
(174) (7) 
185 + 66.3 425 
(276) (1) 
112+ 34.9 235 
(179) (1) 
227+ 87.6 510 
(406) (2) 
187 + 69.9 
(562) 
244+ 67.8 
(528) 
130 + 20.7 440 + 94.4 
(242) (24) 
138 + 55.3 510 + 104.6 
(32) (15) 
140 + 35.7 354 
(23) (2) 
105 + 34.0 216+ 85.9 
(60) (68) 
57 + 18.4 141+ 44.2 
(785) (248) 
45 + 13.0 175+ 40.5 
(952) (296) 
56 + 16.4 
(1443) 
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a decline in the growth of the fingerlings planted in 1949 and 1950 occurred when 
the trout population was greater, following the inception of predator control in 
1949, and when the effects of the fertilization were becoming dissipated with 
time. 

The fertilization of Gibson Lake in 1947 with one half the concentration of 
nutrients was not followed by a demonstrable improvement on the growth of 
planted fingerling trout (Table II). During the four years after the fertilization 
there were only five recaptures made by the anglers from over 30,000 planted 
fingerlings. 


PLANTED YEARLING TROUT. In Crecy Lake prior to fertilization, yearling trout 
planted in 1945 at an average length and weight of 19.2 cm. and 83 g. grew to 
an average length and weight of 25.6 cm. and 200 g. by the time they were 
angled in 1946 (Table II). After fertilization, yearlings planted in 1946 at an 
average length and weight of 21.3 cm. and 117 g. reached an average length and 
weight of 28.9 cm. and 278 g. in the following year. The mean increment in 
length (7.6+1.68 cm.) shown by the planted yearlings after fertilization is 
significantly greater at the 1% level than that (6.41.62 cm.) shown by the year- 
lings planted in 1945 before fertilization. The mean increment in weight made by 
the former (161+50.7 g.) is also significantly greater at the 1% level than that 
(117+39.5 g.) made by the latter planting of yearlings. How well these differ- 
ences in the absolute increments illustrate beneficial effects of the fertilization 
upon the growth of the planted yearlings is obscured, however, by the fact that 
the two groups of fish were not planted at the same average size. Yet it might 
have been expected that the shorter individuals, that is those planted before 
fertilization, would have shown greater length increments if comparable con- 
ditions for growth had existed. This situation did not obtain, and there is support 
for the view that the fertilization had a favourable action during the first year 
after its application upon the growth of planted yearling trout. 

The extent to which the fertilization occasioned the better growth of the 
yearlings planted in 1947, 1948 and 1949 in Crecy Lake is, as in the case of the 
fingerlings, also obscured by possible effects from variation in population density 
(Table V). However, even with the lapse of four years since fertilization, the 
yearlings planted in 1950 made growth comparable to that by the yearlings 
planted before fertilization in 1946. This occurred when trout were decidedly 
more numerous in the lake. Thus, it may be reasonably advanced that fertiliza- 
tion had an appreciable and positive effect upon the growth of yearlings during 
the years between, notwithstanding that the population of trout reached a low 
ebb in 1949. 

More widely spaced circuli on the scales of trout planted in Crecy Lake 
after fertilization also provided qualitative evidence of the beneficial effects of 
that enrichment upon trout growth. Scales from age-II trout, planted as yearlings, 
one prior to and the other after fertilization, are compared in Figure 1. The 
scales were taken from the region just behind the dorsal fin and above the lateral 
line. It is not to be inferred that such widely spaced circuli were found on the 
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TABLE V. Yield by number and weight of trout and salmon from Crecy and Gibson Lakes. 














Lake Number Number Pounds 
and Number Number Number of per Weight Pounds per 10° 
year caught of rods per rod rod-hours rod-hour  (/b.) per acre cu. ft. 
Trout Trout 

CRECY 

1943 166 90 1.8 369 0.5 108.9 2.2 6.3 
1944 148 52 2.9 2724 0.5 73.1 1.5 4.2 
1946 139 58 2.4 227 0.6 71.7 1.4 4.2 
1947 425 113 3.8 436 1.0 178.1 3.6 10.4 
1948 110 126 0.9 401 0.3 79.7 1.6 4.6 
1949 39 83 0.5 2603 0.2 43.3 0.9 2.5 
1950 264 172 1.5 414} 0.6 148.0 2.9 8.6 
1951 1,441 343 4.2 1,008} 1.4 320.8 6.4 18.7 
1952 2,418 447 5.4 1,490 1.6 572.9 11.4 33.3 
1953 3,276 553 5.9 1,688 1.9 914.3 18.1 53.2 

Trout Salmon Trout and salmon 

GIBSON 

1944 21 44 54 1.2 220 0.3 41.6 0.7 1.3 
1945 6 47 44 1.2 138} 0.4 31.9 0.5 1.0 
1946 8 62 40 1.8 131} 0.5 46.9 0.8 1.4 
1947 82 22 123 0.8 334} 0.3 65.3 | 2.0 
1948 50 17 143 0.5 418 0.2 47.5 0.8 1.4 
1949 30 5 125 0.3 384 0.1 20.8 0.3 0.6 
1950 27 3 148 0.2 453 0.1 17.8 0.3 0.6 
1951 27 0 100 0.3 279 0.1 15.8 0.3 0.5 
1952 174 0 300 0.6 524 0.3 92.2 1.3 2.8 
1953 476 4 449 1.1 1,019 0.5 285.1 4.8 8.6 





scales from all yearlings planted in 1946 and captured a year later. Much indi- 
viduality occurred in this respect, but the phenomenon was of sufficiently 
frequent occurrence among those fish examined to support the above statement. 

Of the yearling trout planted in Gibson Lake from 1947 to 1950 inclusive, 
only those introduced in 1948 showed a significantly better growth than those 
in the lake before fertilization (Table II). It may be concluded that on the whole 
the first fertilization of Gibson Lake resulted in minor improvement in the growth 
rate of planted yearling trout, a situation already noted for fingerlings. 


NATIVE TROUT. The majority of the native trout taken by the anglers from 
Crecy Lake were of the ages II and III. During the years before fertilization, for 
which records are available (1943, 1944, 1946), no significant difference occurred 
between the mean lengths within either age group (Table IV). (The trout 
captured in 1946 were not subject to any effects of fertilization.) The mean 
length of the trout of age II captured in 1947 after fertilization was significantly 
greater at the 1% level than pre-fertilization mean values, but this was not the 
case with trout of age III. However, the greater length attained by the few 
trout of ages II, III and IV in the period from 1948 to 1950 point to a favourable 





Ficure 1. 





Scales from trout planted in Crecy Lake at age I and angled at age II. 


A. Before fertilization—planted June 24, 1945; angled May 11, 1946. B. After fertilization— 
planted June 27, 1946; angled May 18, 1947. Both scales magnified 54x. Photographs by 


Mrs. L. Miller. 


TaBLe VI. Yield to anglers of trout flesh produced in Crecy Lake. 


Weight of 


Increase in 
weight of 
native trout » planted trout 





Total weight produced in lake 





Year captured captured 
lb. lb. lb. 

1943 108.9 108.9 
1944 73.1 ee 73.1 
1946 37.1 18.5 55.6 
1947 26.0 116.8 142.8 
1948 15.7 55.9 71.6 
1949 11.5 29.7 41.2 
1950 9.4 102 .2 111.6 
1951 19.4 245.9 265.3 
1952 3.4 273.5 276.9 
1953 5.0 432.9 437 .9 


lb. /acre 
2. 
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Percentage 
of total yield 


7% 
100 
100 

78 

81 

90 

95 


76 


82 
48 
48 
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action by the fertilization even if we are here again concerned with changing 
population pressures. The first fertilization bettered the growth of most native 
trout in Crecy Lake, but not in a striking manner. 

The fertilization of Gibson Lake in 1947 resulted in no demonstrable im- 
provement in the growth of the native trout (Table IV). 


YIELD OF TROUT TO ANGLERS 


There was a definitely higher yield of trout to anglers from Crecy Lake in 
the season (1947) after fertilization (Table V). The improvement was shown 
not only by the greater number and weight of trout captured but also by a 
better catch per rod and per rod-hour. The improvement resulted largely from 
contributions made to the yield by the fingerlings planted the previous fall. Of 
the 425 trout taken by the anglers, 254 were from this planting (Table V). In 
turn, this contribution was possible through the favourable effects of the fertiliza- 
tion upon the growth of the fingerlings. As previously noted, fingerlings planted 
on September 9, 1946, at an average length of 8.2 cm. were of suitable angling 
size approximately eight months later. The period from the fingerling to suitable 
angling size was about as short as possible, that is they were fished when year- 
lings, and accordingly, the time of exposure to pre dation and other natural 
hazards was reduced to a minimum. 

The high yield did not persist in 1948 and 1949, that in the latter year being 
well below pre-fertilization levels (Table V). The growth of the trout was as 
good or better during these years (Table II), yet the favourable effect of the 
fertilization upon growth was largely vitiated by poor survival of the planted 
trout. Factors responsible for mortalities were obviously operating more severely 
than during the over-winter period of 1946-47. A dominant factor was predation 
by fish-eating birds and mammals, which will be discussed more fully later. 

The evidence at hand does not suggest that the trout were less effectively 
cropped in 1948 and 1949 than previously. There was a poor carry-over into the 
second angling season from the plantings made in 1947 and 1948 (Table VII). 
Further, few of these trout were observed at spring seepages in August or on 
the spawning beds after they had been subjected to a season of angling. In con- 
trast, when the carry-over, principally of those planted as fingerlings, was greater 
(1950, 1951), relatively large numbers of trout that had escaped the anglers 
during their first year in the lake could be readily observed at the above locations. 
Two gill nets (stretched mesh of 1% and 2% inches and each with about 1500 
square feet of surface) were fished and under-run daily from June 17 to 30, 1949, 
after most angling had ceased in the lake for that year. Only 28 trout were taken, 
23 marked and 5 native. Of the marked individuals all were from the planting of 
fingerlings made on September 3, 1948. None of the yearlings introduced into 
the lake on July 22, 1948, was captured. The number of trout taken by the anglers 
from Crecy Lake in any year appeared to be quite commensurate with the 
number actually in the lake. 

In Table V the yields of trout by weight do not take into account the weight 
of the fish when planted. In Table VI adjustments have been made to provide 
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data on the yields of trout flesh produced in Crecy Lake. The adjustments were 
greatest in 1952 and 1953, when good portions of the yields by weight consisted 
of late-planted large yearlings which gave minor weight increments over the 
winter (Table II). 

The first fertilization of Gibson Lake in 1947 was not followed by an increase 
in the yield of trout and salmon (Table V), and the survival of planted trout to 
the anglers’ catches was poor (Table VIII). This result parallels the absence or 
low level of improvement noted in growth of the trout after fertilization. 

Although probably contributing strongly, angling pressure was not fully 
accountable for the decline and eventual absence of salmon from the catches. 
Part, if not most, of the salmon in Gibson Lake were recruited from the lower- 
lying Chamcook Lakes. Fourteen of the 204 salmon recorded in the creel censuses 
at Gibson Lake were marked individuals originating in certain plantings that had 
been made in the lower lakes. A beaver dam was built on Gibson outlet in 1947, 
followed by subsidiary dams later, and these interfered with upstream move- 


ments of the salmon. The barrier maintained in the outlet in 1946 and 1947 was 
also involved. 


RESULTS OF PREDATOR CONTROL 


REASONS FOR PREDATOR CONTROL 


The decline in yield of trout from Crecy Lake in the second season after 
fertilization (1948) and its continuance into the third occurred when the lake 
presented favourable conditions for trout growth. This gave weight to the view, 
based on direct observation, that depredations by fish-eating birds and mammals 
were increasing. The consistent annual stocking of Crecy Lake provided good 
fishing for these predators, probably better than that found in neighbouring 
lakes. It was with this background that measures were taken in August 1949 to 
control the numbers of fish-eating birds and mammals that were frequenting 
the lake. The program was extended in 1950 to trapping eels in the lake and in 
1951 to barring the entrance of elvers in order to provide as complete control of 
predators as possible. 


PREDATORS INVOLVED 


FISH-EATING BIRDS AND MAMMALS. A list of the fish-eating birds and mammals, 
the numbers of their observed visits and the numbers destroyed are given in 
Table IX. The recorded numbers of visits undoubtedly include re-visits by the 
same individuals. 

Few of the birds and mammals that were killed had fish from Crecy Lake in 
their stomachs since obviously, to meet the objective of the control measures, no 
more than possible were allowed to forage. However, some examples suggest the 
extent of the potential depredations. A loon which fed for about four hours 
on the lake during the early hours of August 13, 1949, was found to have eaten 
five planted yearling trout (average length about 19 cm.) before being killed. 
A great blue heron, which fed for some time on October 10, 1950, before being 
shot, had taken 12 planted trout fingerlings. Three fingerling trout were found in 
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the stomachs of eight kingfishers destroyed between September 13 and October 6, 
1950. One or more otters attacked trout which were congregated on spawning 
beds in early November 1951. No dead trout were found, but tooth marks and 
wounds could be observed on 50 or 60 of the yearlings which had been planted 
that fall. Although some wounded trout were noted until the lake froze over, 
about five months after the fish were attacked, none with scars was taken by the 
anglers in 1952. 

Mergansers were observed at Crecy Lake only in the spring and fall. Con- 
cerning the hooded merganser, Taverner (1934, p. 110) writes: “it probably 
consumes a smaller proportion of fish than either of its larger relatives.” Three 
of 30 hooded mergansers shot at Crecy Lake had eaten killifish but none had 
eaten trout. The loon, heron, osprey and kingfisher came to the lake throughout 
the summer. Of these, the loon proved to be the most difficult to destroy or 
frighten away having once alighted on the lake. Kingfishers have few nesting 
sites in the adjacent area. They were not numerous at the lake until August 
when broods scattered from nesting locations. The season of most frequent visits 
by the kingfishers covered the period in early September in which fingerlings 
were planted. At that time these birds required much attention. The otter is on 
the increase in the region. It is a wary animal and few are taken by those trappers 
who operate sporadically in the locality. The loon, kingfisher and otter were the 
most troublesome of the predators listed in Table IX. 


faBLE IX. Number of observed visits by fish-eating birds and animals (a) and number of each 
killed (b) at Crecy Lake. 


1949 1949 , 1950 1951 1952 1953 


(to Aug.) (Aug. and 
after) 
a a b a b a b a b a b 

Common loon 68 12 3 19 3 9 3 14 I 16 3 
Great blue 

heron 16 ; 5 6 1 6 | 7 3 
Hooded 

merganser 7 106 11 167+ 11 39+ 3 26 3 19 2 
American 

merganser ee 2 ‘ 9 2 t 10 l 2 l 
Red-breasted 

merganser 8 2 1 I 18 1 10 1 
Osprey 1 aoe 5 I ee 24 3 8 
Kingfisher 9 46 17 50 27 64 25 58 34 64 $1 
Mink i 2 | 3 | 8 ay 15 t 17 5 
Otter ; I a4 3 Ae 10 1 11 2 18 2 


EELS. That the eel was a serious predator of trout in Crecy Lake was largely 
assumed. Few trout have been found in the stomachs of eels from Crecy Lake. 
It is to be understood that all of the eels were captured in traps and accordingly 
had not foraged normally in the lake. Scars from eel attack, characteristically 
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found just in front of the vent, were noted upon some of the yearling and older 
trout when angled. Unquestionably, then, the eels ate trout in Crecy Lake, and 
considerable significance was attached to the fact that eels spend more years in 
our lakes than the life-span of most freshwater fish, including trout (Smith and 
Saunders, 1955). 

Beginning in 1950 three to six baited traps were set for eels in Crecy Lake 
and fished almost daily during July and August. The traps were baited with 
killifish which had to be alive to entice appreciable numbers of eels to enter, 
notwithstanding the opinion that the eel is as much a scavenger as a predator 
(Adam and Hankinson, 1928). 

In four summers 864 eels were captured at an average rate of 0.8 per trap- 
day (Table X). They averaged about 40 cm. in length; few below 35 cm. in 
length were taken, although the mesh (%-inch) of the wire used in the traps 
was sufficiently small to retain shorter individuals. The number trapped in the 
lake was considerable, yet the population of large eels was by no means depleted. 
Runs of large eels from the lake continued at approximately the same level 
(Table X). In 1948 there was a barrier but no trap in the outlet. The 1949 catch 
in the outlet trap doubtless had eels that would have left the lake the previous 
year if it had been possible. 

The eels taken in the lake traps were among the largest that have been found 
in the Crecy population. Most would probably have run from the lake during 
the fall of the year in which they were captured. Thus, the trapping in the lake 
was of restricted value. Better value would have been realized if the trapping 
had involved more of the smaller eels that would have remained in the lake for 
a longer period. However, since fingerling trout were planted in early September, 
some predation by eels which would have run in the late fall was prevented. 

It is too early to judge the effectiveness of the elver barrier that was placed 
in Crecy outlet in 1951. 


TABLE X. Eels captured at Crecy Lake. 








Year and season Number Mean length (cm.) 





I. In outlet trap 














Fall, 1949 897 37.1 
Spring, 1950 90 o2.7@ 
Fall, 1950 105 38.5 
Spring, 1951 55 34.0 
Fall, 1951 357 36.4 
Spring, 1952 41 34.4 
Fall, 1952 328 36.0 
Spring, 1953 33 44.2 
Fi ull, 1953 409 36.3 
IT. In baited traps set in ake. 
Summer, 1950 237 42.4 
1951 78 38.0 
1952 405 40.7 


1953 144 40.7 





| 
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YIELD OF TROUT TO ANGLERS 


Predator control was begun at Crecy Lake in August 1949. The trout planted 
or already there that year were the first to benefit from the action. The yield in 
1950 showed improvement (Table V); it became much higher as predator 
control became more effective with experience. The survival to the anglers’ 
catches in 1951 of 15 per cent of the fingerlings planted in 1950 was outstanding 
and rose to almost 20 per cent in the following two years (Table VII) when 
captures were added. 

The stocking rate was approximately doubled in 1951. With continued pre- 
dator control the yield of trout in 1953 was more than twice that in 1951 (Table 
V). The percentage survival of trout planted as fingerlings was less, yet re- 
mained at a relatively high level. The survival of planted yearlings reached a 
high of 87 per cent in 1953 (Table VII). 

Without predator control the yield of trout from Gibson Lake remained low, 
and only showed improvement in 1952 and 1953 after the stocking rate was 
doubled and larger yearlings were planted late in the fall (Tables V, VIII). The 
survival of planted fingerlings continued to be extremely poor (Table VIII). 


GROWTH OF TROUT 


The growth of planted trout in Crecy Lake was significantly less after the 
inception of predator control (Table II). An increased competition for food 
among a greater number of trout, a direct result of the predator control, and 
the declining influence of the first fertilization upon the production of food 
organisms both contributed to the slower growth rate. Probably the markedly 
increased competition for food was the more important. 


RESULTS OF THE SECOND FERTILIZATION 
OBJECTIVE OF SECOND FERTILIZATION 


The second fertilization of Crecy Lake was prompted by the slower growth 
of the planted trout associated with predator control and a better survival. The 
objective was to improve the growth of the planted trout, or at least to maintain 
it at the level then being realized, and at the same time, by doubling the stocking 
rate, to do this with a larger population. What would be the result of applying 
fertilization, predator control and stocking at the same time? The favourable 
effects of the second fertilization would be additive to those of the first that 
still persisted after five years. 

The second fertilization was applied also to Gibson Lake to keep the 
measures on the two lakes comparable and to assess possible accumulative effects. 


GrowTH OF TROUT 


The growth of the planted trout in Crecy Lake was slower during the first 
year after the second fertilization than in the preceding years (Table II). That 
of the fingerlings planted a year later in 1952 was, however, somewhat better 
and was coincident with the development of a much denser population of 
chironomids than experienced after the first fertilization. The objective of the 
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second enrichment to improve the growth of the trout was not achieved. Yet 
without the second fertilization, fingerlings planted in the fall at the higher rate 
of stocking would probably not have reached sufficient size by the following 
spring and summer to interest anglers. With an aim of making planted fingerlings 
available to the anglers as yearlings, that is in the shortest period possible, the 
second fertilization was of definite value. The heavier stocking almost over- 
reached the capacity of the lake to provide such growth, however, even with 
fertilization. 

After the second fertilization of Gibson Lake, the few trout planted as finger- 
lings and recaptured when yearlings exhibited better growth (Table II), but it 
was still not comparable to that formerly attained by plante d fingerlings in Crecy 
Lake under similar conditions, that is with fertilization but without predator 
control. 


YIELD OF TROUT TO ANGLERS 

In Crécy Lake, trout planted as fingerlings and captured when yearlings 
were nume rically dominant in the catches made after the second fertilization. 
A similar situation has already been noted after the first fertilization. In both 
instances, the fertilization contributed to the yields through a resultant growth 
rate that provided yearling trout of sufiicient size to interest the anglers in 
fishing for them. It has already been pointed out, however, that after the second 
fertilization the higher rate of stocking created a condition approaching over- 
population, manifest by the poorer growth of the planted fingerlings than that 
obtained in 1947. 

In Gibson Lake the yields of trout in 1952 and 1953, after the second fertiliza- 
tion, were higher than prev iously encountered (Table V) but little if any of the 
improvement may be ascribed to fertilization, but rather to stocking w ith vear- 
lings of a larger size late in the fall (Table VIII). Planted fingerlings made better 
growth. Few were apparently available to the anglers so that their contribution 
to the catches was negligible. The second fertilization, like the first, was without 
practical value at Gibson Lake. 


CONTRIBUTIONS OF NATIVE AND PLANTED TROUT TO ANGLERS’ CATCHES 
NATIVE TROUT 

As indicated above, native trout are, for present purposes, defined as those 
spawned and reared in the lakes or their tributaries. 

Crecy Lake was closed to angling in 1941, 1942 and 1945. Unmarked finger- 
lings (average length, 3.1 cm.) were planted in the lake in 1940. An undetermined 
number of age-III trout taken in 1943 and registered as native trout could 
have been from this planting (Table IV). Otherwise, all trout captured in 1943 
and 1944 were definitely native fish. Thereafter the contributions made by native 
trout to the yields declined until 1951 when their numbers rose somewhat, but 
did not approach those taken in the earliest two years of the creel censuses. The 
higher catches in these earliest years were from a stock that had not been 
persecuted by anglers. The decline in numbers occurred when there was in- 
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creased competition and predation by planted trout, greater predation by fish- 
eating birds and mammals, and continued angling pressure. The native trout 
could not apparently maintain their numbers in the face of these adverse 
conditions. 

Spawning activities of the trout at Crecy Lake were almost entirely limited 
to the littoral area of the lake, usually in water of 0.5 m. or less in depth, and 
were under observation from 1946 to 1953. When the number of spawners was 
largest, attempts to form redds were made at scattered points along about 20 per 
cent of the shoreline. What appeared to be successful attempts were restricted, 
however, to a smaller area where the bottom was of the best texture available 
and where seepage entered from a contiguous swamp. Progeny from the natural 
spawning were roughly enumerated over about a half of the shoreline during 
each April and May, and estimates made for the entire lake. The data are set 
forth in Table XI, together with the comparative extent of the spawning activi- 
ties. For the most part, variations in the numbers of spawners were reflected in 
the numbers of young native trout that could be observed. By June of each year, 
few of these young trout were found in shallow water at shore, which suggested 
heavy mortalities in the littoral habitat, or movement into deeper water, or both. 
In any case, something less than one per cent of the estimated numbers entered 
the anglers’ catches (Tables IV, XI). Only after predator control was in force 
were native trout captured by anglers when yearlings. Yet, although conditions 
for trout production in Crecy Lake were improved by this measure, the native 
trout continued to make small contributions to the yield. To say that planted 
fingerlings survived in the lake much better is not justified, however, since the 
native fingerlings were subjected to natural hazards in the lake at smaller sizes 
for at least five months longer. 

As in the case of the planted trout, the evidence at hand indicates that the 
numbers of native trout taken by the anglers from Crecy in any year reflected 
the numbers in the lake, thus the numbers of native trout in the lake were ap- 
parently small after the early years (Table IV). Seining and gill-netting cap- 
tured few. Their numbers were also small among trout congregated at spring 
seepages or on the spawning beds where they could be closely observed. 


TABLE XI. Estimated numbers of native fingerling trout in Crecy Lake. 


Estimated Extent of 





Year numbers in spawning 
April and May activities 

1946 6,000 Little 

1947 2,000—3,000 Very little 

1948 < 1,000 Little 

1949 2,000 Moderate 

1950 5,000 Extensive 

1951 5,000 Moderate 

1952 2,000-—3,000 Extensive 


1953 < 1,000 Extensive 
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The number of native trout taken by anglers from Gibson Lake was small 
(Table IV), although they made fair contributions to the low annual yields of 
fish until 1950. None was captured in 1951, 1952 and 1953. Much the same situ- 
ation held with respect to the yields of salmon, the decline in which has been 
attributed in part to the construction of beaver dams in Gibson outlet which 
curtailed the upward migration of this species from lower waters. There are few 
sites in the tributaries to Gibson Lake suitable for trout spawning. Comparable 
trends in the yields of salmon and native trout suggest strongly that the popula- 
tion of the latter was also recruited in some measure from upward-migrating 
fish. Continued angling pressure and possible increase in predation were also 
contributing factors. 


PLANTED TROUT 


The yields of trout to anglers from Crecy Lake consisted predominantly of 
planted stock when conditions for growth and survival were improved by fertiliza- 
tion and predator control. The role of hatchery-reared trout in providing angling 
under these conditions is obviously a major one and has received preliminary 
discussion (Smith, 1954). 

Noteworthy were the recoveries by anglers of 12 to 20 per cent of the finger- 
lings planted in 1950, 1951 and 1952 (Table VII). Also the recoveries of planted 
yearlings reached a high of 88 per cent in 1953. These results are of particular 
interest in this region since they were much better than those obtained from 
stocking other Maritime lakes, which were not treated with fertilizer nor sub- 
jected to predator control (Smith, 1948a, 1952a). Elsewhere, in unfertilized 
waters, Curtis (1951) reported a return of 1.7 per cent of brook trout fingerlings 
from Castle Lake, California, when planted together with rainbow and brown 
trout fingerlings. After poisoning the fish population of this lake, the yield to 
anglers from plantings of only brook trout fingerlings increased markedly to 
27.1 per cent. Shetter (1947) recorded recoveries of 13.9 to 88.1 per cent from 
fall plantings of legal-sized brook trout in five small Michigan lakes. In general, 
survival of planted brook trout has been better in lakes than in streams (Rounse- 
fell and Everhart, 1953). 

Shetter (1947, p. 47) writes for Michigan lakes that “80 to 94 per cent (aver- 
age 89.4 per cent for the lakes under complete creel census) of the total trout 
catch for the whole season were taken on the opening day on lakes where adult 
trout were stocked in the fall. . . .” Much the same situation occurred in Crecy 
Lake when a good survival of yearlings planted the previous fall led to greater 
angling effort during the early days of the fishing season (Tables XII, XIV). 
However, in general, the plantings of fingerlings sustained the fishery over 
longer periods of each angling season. As shown in Table XIII, the planted 
fingerlings grew well during the season following their introduction. They pro- 
vided angling well into the summer months, notably when their survival was 
materially improved by predator control. Continued angling success into the 
summer months was in contrast to that in neighbouring lakes where few trout 
were captured during the warm weather (Smith, 1952a). 
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raBLE XII. Trout planted as yearlings in fall and taken in first ten days of angling during 
following season. 


Captured during first 


Captured ten days of season Rod-hours of First day 





during - ~ = effort during of angling 
Angling season entire season Number Percentage first ten days (April 
1946 70 13 19 63 26 
1947 254 65 25 82 23 
1948 26 11 42 96 24 
1949 12 2 17 46 17 
1950 186 137 74 149} 23 
1951 304 226 74 237 7 
1952 790 615 78 1393 16 
1953 1,171 1,062 91 732 ] 


TABLE XIII. Length of planted fingerling trout in Crecy Lake at time of stocking and when 
captured by anglers. Figures tabulated are mean length in centimetres, with the number of 
fish measured in brackets following. (Note that the mean length is for angled fish and may 
not be representative of the population in the lake.) 




















When 
planted When angled the following season 
September April May June July \ugust September 

1946-47 8.2 om 20 .5(43) 21.9(177)  22.0(24) 
1947-48 7.4 ey 24 .0(6) 23 .4(20) 23 .7(6) 
1948-49 6.1 cad 21 .3(1) 21 .4(22) ‘ 
1949-50 6.6 oe 17.3(19) 19 .5(36) 21.7(5) ewe 
1950-51 8.4 16.3(41) 17 .2(429) 16.8(402) 18.4(23) 18.7(10) 
1951-52 7.9 14.5(155) 15.6(552) 16.1(428) 17.0(19) 18.7(42) 


1952-53 


14.6(102) 16.4(330) 17.0(653) 17.6(178) 17.8(207) = 17.9(35 


TABLE XIV. Fishing mortality of re-marked trout in Crecy Lake, 1953. 





Recaptures in 1953 


Stock and date Number re-marked $$$ - - - 
of planting March 30-31, 1953 April 1-5 = April 6-30 May 1-31 Potal 
Yearlings, 
Oct. 28, 1952 113 99 9 { 112 
Yearlings, 
Sept. 2, 1952 73 49 11 3 63 
Fingerlings (carry- 
: over), Sept. 6, 1951 14 6 10 
' 


204 154 23 8 185 (90.7% 
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Creel censuses showed that the carry-over of planted trout to age III was 
negligible in both Crecy and Gibson Lakes (Tables VII, VIII). Both natural and 
fishing mortalities were involved. The latter was extremely heavy each year 
among the age-II trout that were present when the angling seasons opened. This 
is illustrated by the data presented in Table XIV. Just prior to the angling season 
of 1953, 186 trout from the yearling planting of the previous fall in Crecy Lake 
and 14 from the carry-over of finge rlings from the planting of 1951 were captured 
on baited barbless hooks, re-marked by removal of part of the dorsal fin and 
again released into the lake. Within two months, but mainly during the first five 
days of the season, 91 per cent of these trout were taken by the fishermen. In 
contrast, the carry-over of trout planted as fingerlings into the second year after 
their introduction, that is to age II, was considerable and made important con- 
tributions to the fishery. The trout planted as fingerlings in 1950 and 195] 
contributed 13.4 and 10.2 per cent to the number of fish angled two seasons later 
(Table VIL). The planting of fingerlings, notwithstanding greater natural mor- 
tality, thus: proved superior to that of yearlings in providing angling over an 
extended period. These findings have considerable practical significance, when 


the higher costs of producing yearling than fingerling trout at rearing establish- 
ments is considered. 


BARRIER IN CRECY OUTLET TO PREVENT 
ESCAPEMENT OF FISH 

Until July 1948 planted trout could escape from Crecy Lake by way of the 
outlet. At that time, however, a mesh-wire barrier was installed in the outlet just 
below its emergence from the lake. This was replaced in 1949 by a fence and 
trap which have since been maintained throughout each year. The wire barrier 
has a mesh of % inch. 

Among 78 trout captured in a pond and stillwater on Crecy outlet in 1945, 
12 were from a planting of 675 marked yearlings made in the lake on December 
7, 1944. The possible loss to Crecy Lake by outward movements of trout planted 
in 1946 and 1947 is not known. However, there were no marked individuals from 
the lake among 152 trout angled from the outlet waters in 1946 to 1949. Since 
the barrier was erected before the trout were planted in 1948, loss by migration 
played no part in the poor survival of those fish (Table VII). 

The number of trout from the 1949 to 1952 plantings that attempted to leave 
the lake are recorded in Table XV. It is possible that certain individuals were 
taken in the trap more than once. In any case, the number of planted fingerlings 
that ran from the lake would have accounted for only a low percentage loss. 
This was not so true for planted yearlings, of which almost 19 per cent of those 
planted in 1951 attempted to leave. Most of the captures of planted yearlings 
were made in late fall and early winter, and, since the majority were maturing 
fish, their movements could have been related to spawning activities. It is to be 
recalled that there are no tributaries to Crecy Lake into which these trout may 
have run and spawned. One might speculate that if these trout had been allowed 
to move down the outlet some at least would have returned to the lake. 
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Fertilization, predator control and the planting of hatchery trout are shown 
to be factors responsible for improved angling in Crecy Lake. The prevention 
of the movements of trout from the lake by a barrier in the outlet must also be 
considered as a contributing factor, but less important than the others. At Gibson 
Lake an effective barrier was maintained in the outlet against movement from 


the lake of the trout planted in 1946 and 1947, but was apparently without effect 
upon the yield. 


TABLE XV. Planted trout captured in outlet trap at Crecy Lake. 























Planted as fingerlings Planted as yearlings 
Number Percentage Number Percentage 
Year of planting captured of number planted captured of number planted 
1949 2 <0.1 10 1.5 
1950 159 2.4 37 5.5 
1951 204 1.4 254 18.8 
1952 31 0.2 97 7.2 
DISCUSSION 


The results of the steps taken at Crecy Lake demonstrate that the environ- 
ment of a small natural lake can be altered favourably to provide a major 
increase in the yield of trout to anglers. Crecy is one of many lakes in areas of 
poor soils in the Maritime Provinces whose trophic levels are capable at best of 
mediocre trout production. Accordingly, our findings at Crecy Lake have much 
significance in this region as well as elsewhere. 

The best observed yield of trout from Crecy Lake was realized when all the 
several procedures were applied—fertilization, predator control, stocking and 
control of movement of trout from the lake. No action, except stocking, was 
taken singly. One procedure followed another when further action was indicated 
in order to obtain fuller benefits from those already applied. Thus, it is difficult 
to pass judgment upon the relative merits of the procedures taken separately. 
Stocking alone was found to be ineffective in Crecy and other lakes of the area 
(Smith, 1952a). Stocking of Gibson Lake, when a barrier was present in the 
outlet to prevent escapement of planted trout, was also ineffective. Fertilization 
and stocking when applied together led to improvement in the yield of trout 
from Crecy Lake, but, as we have seen, only temporarily until predator control 
was undertaken. The low yield of native trout pointed to the need for stocking 
to approach full utilization of the improved trout-producing capacity of Crecy 
Lake. 

A list of the fish known to occur in Crecy and Gibson Lakes is presented in 
Table XVI. The eel was the only fish that was possibly a serious competitor and 
predator of trout in Crecy Lake. This is not the usual situation in lakes of the 
Maritime Provinces. More often than not, yellow and white perch are prominent 
members of the fish populations. Control, preferably elimination of these or 
other species inimical to trout, is prerequisite to the application of the above 
procedures. 
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TABLE XVI. Occurrence of fish, other than trout in Crecy and Gibson Lakes. 


Crecy Gibson 
Landlocked salmon absent formerly common 
Smelt absent common 
American eel dominant dominant 
White sucker scarce dominant 
Golden shiner absent common 
Northern redbelly dace common absent 
Blacknose dace scarce absent 
Lake chub scarce common 
Common shiner absent scarce 
Banded killifish dominant dominant 
Threespine stickleback scarce scarce 
Ninespine stickleback scarce scarce 


Pumpkinseed absent common 


The fertilization and stocking of Gibson Lake failed for the most part to 
improve the trout angling. Perhaps no other reasons than differences in treatment 
need to be advanced to explain this failure and the disparity in results between 
Crecy and Gibson Lakes. The latter received one half of the concentration of 
fertilizers added to Crecy Lake. Predators (fish-eating birds, mammals and fish) 
were not persecuted at Gibson, and except in the earlier years, planted trout 
could escape from the lake with spates. However, there are differences, less clear 
in effect, in the character of the two lakes. Dense “water-blooms” of blue-green 
algae developed in both lakes after fertilization, but at that point in the organic 
cycle response to the fertilizers seemingly diverged. The quantity of bottom 
organisms, development of rooted aquatic vegetation, the growth and yield of 
trout increased in a readily demonstrable degree at Crecy but not at Gibson 
Lake. The lakes are similar in water qualities with the notable exception of a 
greater quantity of allochthonous humic materials in Gibson Lake, which gives 
rise to differences in contingent factors (Smith, 1952a). However, in this con- 
nection, Johnson and Hasler (1954) did not find that a reduction in the quantity 
of humic materials in the waters of Lake Peter, Wisconsin, by treatment with 
lime increased the carrying capacity for rainbow trout, although there was a 
large volume of habitable water. Morphologically, Crecy and Gibson Lakes 
differ in mean depth, not markedly in actual measurement yet sufficiently to 
affect the development of rooted aquatic vegetation and the quantity and 
distribution of bottom organisms. 

The results obtained at Crecy are sufficiently clear-cut to warrant replica- 
tion of the procedures in similar lakes with the reasonable expectation that 
comparable results could be achieved. Obviously much experimentation is needed 
to cover a variety of limnetic environments, always keeping in mind, however, 
that fertilization and predator control will probably be practical and valuable 
only in small bodies of water. Increasing physical difficulties and costs with 
increasing size of lakes impose limitations upon application. Whether results 
vindicate costs can be resolved only in the light of local conditions. Stocking of 
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Crecy and neighbouring lakes with trout was ineffective when applied alone 
but became effective with fertilization and predator control. In this local situation 
costs of fertilization and predator control should be viewed in the light of their 
success in making the stocking of trout more effective. They perhaps justify 
diversion of effort and funds to that end, even if this may limit the number of 
waters that receive attention. 
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The American Eel in Certain Fresh Waters of the 
Maritime Provinces of Canada 


By M. W. Smit anp J. W. SAUNDERS 
Atlantic Biological Station, St. Andrews, N.B. 


ABSTRACT 


Estimated standing crops of eels in eight Maritime lakes treated with fish poisons varied 
from 0 to 70.8 pounds per acre. Smaller standing crops were associated with greater distances 
of lakes from the sea, and with obstructions to ascending elvers. Few eels were found in small 
spring-fed streams. The eel is prominent in Maritime lakes, but frequently is not more success- 
ful than other fish considered inimical to game species. Seaward migrations of eels may 
represent major losses of organic matter to lakes. 

Scales appear on young eels at lengths from 16 to 20 centimetres, probably in their third 
or fourth year of age. Nine year-classes were found among eels with scales in each of three 
limnetic populations. Eels with three and four annual rings on the scales were dominant in 
the runs from lakes. 

Runs of eels from lakes occurred in April and May, and again, in larger numbers, from 
late August through November. These movements were at night, and usually coincident with 
rising water during and immediately following heavy rains. Silvering, an index of maturity, 
was manifest among only a portion of the largest of these eels. Fall runs of large eels from 
salt water into streams have been noted. Upstream movements of elvers are most prominent in 
May and June, although they attempted to bypass a barrier in the outlet of one lake throughout 
the summer. 


INTRODUCTION 


THE AMERICAN EEL, Anguilla rostrata (LeSueur), is widely distributed in the 
fresh waters and marine littoral areas of New Brunswick, Nova Scotia and Prince 
Edward Island. The species is catadromous and in this respect is a unique 
member of the fish fauna of the region. Of particular interest, however, is the 
important position that the eel may assume in freshwater habitats where, as a 
predator and competitor of the speckled trout (Salvelinus fontinalis) and young 
Atlantic salmon (Salmo salar), it demands increasing attention from fish culturists 
interested in the maintenance of these highly valued fish. Only sporadically, and 
then locally, is the eel exploited commercially in Maritime waters, although a 
potential fishery, even if largely seasonal in character, exists in the larger water 
systems (Day, 1948). 

Our data were not obtained from a planned study of the eel but for the most 
part incidentally to various investigations on the speckled trout. Interest in the 
development of techniques to control eel populations in trout and salmon waters, 
and the scarcity of published information upon the species in our area has 
prompted presentation of the data that we have at hand. 
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POPULATIONS OF EELS IN FRESH WATER 


HABITATS FOR WHICH INFORMATION Is AVAILABLE 


The streams and lakes for which information upon eel populations is pre- 
sented are listed in Table I. Certain data upon the character and location of 
these waters are also included. Their geographical position is shown in Figure 1. 

Most of the bodies of water investigated were lakes. Bill’s, Boar’s Back, Cook, 
Jesse, McCormick, Potter's, Tedford and Trefry’s Lakes were treated with either 
copper sulphate or rotenone in attempts to destroy populations of undesirable 
fish and thereby to improve angling for speckled trout (Catt, 1934; Smith, 1938a, 
1940, 1941). Estimates of the standing crops of fish, including the eel, were 
made on those occasions. Information on the eels from Chamcook, Crecy, Gibson, 
Welch and Wheaton Lakes was obtained by capture of the outward-moving eels 
in traps maintained for varying periods of time on the outlets of these lakes. 

The fish population of Second River was poisoned with rotenone to destroy 
possible disease carriers among the native stock of fish in the water supply of a 
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FicurE 1. Map of the Maritime Provinces showing sampling areas. 
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newly-established trout and salmon hatchery (M’Gonigle and Smith, 1938). In 
Ellerslie Brook a two-way fish trap has been held almost continually since June 
1946 in connection with a study of the movements of speckled trout between 
fresh and salt water (Smith, 1948a). 


STANDING Crops OF EELS IN LAKES 


Estimates of the standing crops of fish in the lakes treated with poison were 
based for the most part upon collections made when the dead fish floated and 
when they became stranded along the shores. At Bill's and Potter’s Lakes all eels, 
as well as other fish, that could be found were enumerated, while at the other 
lakes counts were made over measured areas of the shorelines, selected prior to 
the poisoning. Samples of fish consisting of collections from one section of the 
shoreline on each lake were preserved for weight determinations. Accordingly, 
all weights are for fish preserved in approximately 4 per cent formaldehyde for 
varying periods of time, usually, however, for periods of less than one month. 
Similarly, lengths were determined from preserved specimens. 

Although approximating it closely, a complete kill of fish was not realized in 
most of the lakes treated with poison (Smith, 1950). In view of this and the 
improbability that all of the poisoned fish were collectable, the estimates of 
standing crops of fish must be considered minimal, yet sufficiently representative 
for those purposes for which we wish to use the data. 

Estimates of standing crops of eels in eight Maritime lakes are given in 
Table II. Considerable variation is to be noted in the number and weight per 
unit area, which is not surprising, however, when the diversity among the 
habitats involved is considered. A probable inability of elvers and older eels to 
pass falls on its outlet (Second River) and an unfavourably cool environment in 
that stream may be advanced to explain the absence of eels from McCormick 
Lake. On the other hand the high poundage of 70.8 per acre attained in Bill's 
Lake was associated with relatively warm shallow water, readily accessible to 
eels from marine areas. The highest standing crop of eels in the larger lakes, 
none of which, however, exceeded 112 acres in area, was 8.0 pounds per acre in 
Potter's Lake. The poorest, 0.2 pounds per acre, was found in Boar’s Back Lake 
which was much farther removed from the sea and presented a marked condition 


of dystrophy. 
EE Ls CAPTURED WHEN MOVING OUT OF LAKES 


Eels were captured in traps as they moved out of Chamcook, Crecy, Gibson, 
Welch and Wheaton’s Lakes, Charlotte County, New Brunswick. The traps were 
maintained from mid-summer until freeze-up (usually early December) on the 
outlet from Gibson Lake in 1945, 1946, 1947 and 1951 and on that from Welch 
Lake in 1946, 1947 and 1948. Their operation was for a longer period of time, 
from April until freeze-up, at Wheaton Lake in 1936, 1937 and 1938 and at Gibson 
Lake in 1948, 1949 and 1950. A trap was imperfectly maintained on the outlet 
from Chamcook Lake in 1935 because of sporadic flooding which resulted from 
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mill operations on that stream. A trap has been continuously held throughout 
each year in the outlet of Crecy Lake since July, 1949. 

The numbers and weights of eels taken are given in Table III and their 
lengths are shown in Figure 2. 

How well the quantities of migrating eels reflect the populations in the 
lakes, even of the same size groups, is difficult to assess. Any evaluation in this 
direction is fraught with uncertainties which arise from the complexity of factors 
that apparently determine the movements of eels. The trap on the outlet of 
Wheaton Lake captured only 7 eels in 1936, none in 1937, then 117 in 1938, 
although operated in the same manner and over a comparable season during the 
three years. The hibernating habit of the eel would argue against outward move- 
ments from the lake during the winter months when the trap was not in opera- 
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TABLE III. Number and weight of eels taken in traps. 


Lake Year Number 





Total weight Per unit area 
lb. kg. lb./acre  kg./ha. 
Chamcook Fall, 1935 210 99.2 50.0 0.1 0.1 
Crecy Fall, 1949 897 234.6 106.4 4.6 5.1 
Spring, 1950 90 17.0 a 0.3 0.4 
Fall, 1950 237 78.8 35.8 1.8 2.0 
Spring, 1951 55 11.6 5.3 0.2 0.3 
Fall, 1951 457 103.9 49.1 2.1 2.4 
Gibson Fall, 1945 203 219.1 99.4 2.1 2.4 
Fall, 1946 44 37.6 17.0 0.6 0.7 
Fall, 1947 15 8.8 1.0 0.1 0.2 
Spring, 1948 65 7.6 3.5 0.1 0.15 
Fall, 1948 5 8.1 3.6 0.1 0.1 
Fall, 1949 164 200 .7 91.0 1.9 2.2 
Spring, 1950 74 17.0 ea8 0.2 0.2 
Fall, 1950 0 0 0 0 0 
Fall, 1951 191 264.2 119.9 2.8 2.85 
Welch Fall, 1946 21 8.4 3.8 0.1 0.2 
Fall, 1947 24 2.9 1.3 <0.1 <0.1 
Fall, 1948 15 74.7 33.9 Lud 1.9 
Wheaton Apr.-Dec., 1936 7 + at oh + 
Apr.-Dec., 1937 0 0 0 0 0 
Apr.-Dec., 1938 117 42.2 19.1 approx.0.1 0.1 


tion. As judged from the length frequencies among the 117 eels, there were 
individuals of the same size and age in Wheaton Lake in 1937 as were taken in 
the trap in 1938 but which did not elect to run in the former year (Fig. 2). A 
similar situation was noted for Gibson Lake (Fig. 2). Apparently only on a long- 
term basis would the runs of eels from lakes afford evidence that one lake 
produced more eels than another. 


EELs As A Loss TO THE NUTRIENT CYCLES IN FRESH WATER 


Eels that have attained their growth in streams and lakes and run to sea 
at approaching maturity, or even at earlier stages in their life history, represent 
a direct loss to the nutrient cycles in fresh water. Balanced against this loss is 
the gain represented in the quantities of elvers and older eels which are pro- 
duced in the sea and from various causes die after entering freshwater habitats. 
Our data throw some light upon the extent of the loss but not upon the gain to 
lakes. 

In Table III the wet weight of eels taken in traps has been expressed as 
weight per unit area for the lakes from which they ran. The year-round operation 
of the trap at Crecy Lake provided the most complete data in this respect. 
Averaged for four years (assuming that the run in the fall of 1949 included those 
individuals that would have left the lake in 1948 if there had not been a barrier 
against their outward migration in the outlet during that year), the trapped eels 
constituted a loss of about two pounds of fish flesh per acre annually. With less 
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complete records, the loss to Gibson and Welch Lakes, which are considered one 
unit because one flows into the other, amounted to approximately one pound 
per acre per year. The quantity of eels that left Wheaton Lake, however, totalled 
only about 0.1 pound per acre for a three-year period. These calculations are 
based upon the assumption that none of the eels migrating from these lakes 
would have returned, which is probably more nearly true for the large than for 
the small individuals. 

The standing crops of eels recorded in Table II may be considered in the 
same light. All of the eels that were poisoned, aside from those dying before 
migration, would eventually have left the lakes. The numbers of eels found in 
Jesse and Boar’s Back Lakes represented a potential minor loss to the economy of 
those lakes. In contrast, however, the eels found in Bill’s Lake indicated a 
potential loss of decidedly greater proportions. Actually the major portion of the 
fish production in that lake consisted of eels. 

These losses have practical significance only, if by control of eels, the eel- 
producing capacities of fresh waters are appreciably diverted to the production 
of more desirable species, such as trout and salmon. This possibility exists, 
although to what degree remains a question. 


QuANTITY OF EELs IN RELATION TO HABITAT AND OTHER FisH 


DISTANCE FROM SEA. Since the eel is catadromous, the primary recruitment 
to freshwater eel populations is by elvers from the sea. It might be anticipated 
that the distance of habitat from salt water would affect the number of young 
eels that reached it. The effect of distance alone is often obscured, however, 
since it is modified by natural falls and man-made obstructions, by the number 
of intervening lakes which may act differently from streams as catchment areas 
for upward-moving eels, and by mortalities, to which elvers are undoubtedly 
subjected, en route. Although elvers are adept in passing obstructions in their 
upstream migration, obstructions present barriers in varying degrees. Greeley 
(1932) was of the opinion that eels are less numerous than formerly in the head- 

waters of New York streams because of an increase in the number of dams. 

Our data show that the smaller standing crops of eels per unit area were 
associated with the greater glistances from the sea and with obstructions (Table 
II). Boar's Back, Cook, Jesse and Tedford are headwater lakes, with other lakes 
below them, as well as dams (except in the case of Tedford). Boar’s Back and 
Jesse Lakes are also among the farthest from the sea. Although Wheaton Lake 
is close to salt water, a natural fall of about fifteen feet (4.6 metres) on its outlet 
may discourage the entrance of elvers. On the other hand the high standing crop 
of eels in Bill’s Lake was associated with a short unobstructed outlet to the sea. 


TEMPERATURE OF WATER. Statements such as “eels are said to be peculiarly 
averse to cold” (Gardiner and King, 1922) and “they can live in warmer waters 
than many other fishes can endure” (Adams and Hankinson, 1928) express the 
general opinion that the eel is a warm-water species, most active at summer 
water temperatures and hibernating with the onset of winter conditions. Schmidt 
(1935) contends that the genus Anguilla is of a tropical origin. 
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That eels avoid cool-water habitats is indicated by their scarcity in Ellerslie 
Brook and their absence from Second River, both spring-fed streams. A two-way 
fish trap at the mouth of Ellerslie Brook captured only 69 eels from June 1946 
to November 1952 although a good population of eels is known to occur in the 
estuary immediately below the trap. Pritchard (1950) took only 20 eels with an 
electric shocker in 730 yards (668 metres) of this stream above the trap during 
the course of trout population studies in the summer of 1950. Based upon these 
captures, an estimate of the total number of eels in the brook at that time ap- 
proximates 200. Similar work by the junior author provided an estimate of 60 
eels in Ellerslie Brook during the cooler summer of 1951. Many of the eels 
collected were small and could have escaped capture in the trap. 

A more extreme situation was encountered in Second River where no eels 
were found when that stream was treated with rotenone (M’Gonigle and Smith, 
1938). Although eels would have been largely barred from the upper sections 
of the streams by a series of falls, the lower reaches were quite accessible from 
River Philip and in turn from salt water (Northumberland Strait). 

If eels are considered to be serious competitors and predators of trout and 
young salmon, these observations assume considerable importance, since they 
suggest that eels do not present a problem in the cooler Maritime streams. It 
seems likely, for instance, that eels exert a minor influence upon the large popula- 
tions of young speckled trout that are to be found in the cool spring-fed streams 
of Prince Edward Island. 


PRODUCTIVE LEVEL OF THE HABITAT. Obviously the quantity of eels and other 
fish that a particular habitat will support depends greatly upon the fertility of 
the waters. Most of the lakes (Baar’s Back, Jesse, Potter's, Tedford and Trefry’s) 
for which estimates of standing crops of fish are available, lie in areas of infertile 
soils and their waters are poorly mineralized (Smith, 1938b, 1941, 1952). On this 
basis alone a high production of eels was not to be anticipated. An exception was 
Bill’s Lake. Warm shallow water, approaching senescence, little competition from 
other species of fish, and proximity and ready accessibility to salt water were 
factors conducive to a higher eel production than in the deeper limnetic habitats 
of the area. 


RELATION TO OTHER FISH. The hardiness of the eel is almost proverbial: a 
view that has largely arisen because the eel can live out of water longer than 
most freshwater fish. For one reason its gills are protected more efficiently from 
desiccation. Also pertinent is the observation of Gardiner and King (1922) that the 
European eel (Anguilla anguilla) lives at a definitely lower metabolic level than 
the brown trout (Salmo trutta). 

That the eel can live and thrive in a wide variety of freshwater habitats is 
generally appreciated. Not infrequently, however, the inference is drawn that 
the species has a survival potential superior to most fish in our lakes and streams. 
Our data illustrate that the eel is among the more successful fish in Maritime 
lakes (Table IV), yet in general they also demonstrate that the eel has no special 
superiority over a number of other species in coping with environmental resistance 
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and in utilizing the productive capacities of fresh waters, even when consideration 
is given to the degree of accessibility of the habitats to eels. Disfavour shown 
toward eels when captured by most anglers and local congregation when 
migrating as elvers and as adults have contributed to an exaggeration of their 
abundance on the part of the layman. 

On occasion eels may present a serious problem in trout and salmon waters 
because of their predacious habits and their competition for a common food 
supply (White, 1933, 1941; Elson, 1940, 1941). The destruction of eels by poison 
in Bill’s Lake was followed by a definite improvement in the angling for speckled 
trout (Smith, 1948b ). Reduction of eels by trapping in Crecy Lake is considered 
contributory to an improved survival of introduced hatchery trout (Reed and 
Dymond, 1950). More evidence of the relationship between eels and salmonoids 
being detrimental to the latter is, however, needed before attempting general 
control of eels, if for no other reason than the demonstrated scarcity of eels in 
certain situations. 


AGE AND GROWTH OF EELS 
SCALES AND AGE. 


Gemzée (1908) established for the European eel that the concentric zones 
of platelets or loculi on the scales represent annual growth. The clear bands or 
rings that separate the zones of platelets may accordingly be interpreted as 
annual rings. Scales of the American eel exhibit a similar pattern and we have 
followed the same interpretation in reading them (Fig. 3). 

However, the total age of the eel cannot be determined from scale reading 





Ww 

















16 
ss - 2 netted Lr 
> 4 
ETH a . 
| : : 
* | a F j 4 
Feces sonia Se a eee to {| be | Gm. tee —+- 

sf 1 
>| i dt oD | 3 

oh TTT11 tad be | 

; Te ee ee FE te —} 

1 
3 an 
f ii OER Rk EE i af | 

ooo ft | if { } fT Tee nites laa teendnminieenisinias hates nae 4 { 





[ - 

[ > 2 

yt tt rt ttt adel 
NGTH — CMS 30 40 So 


2 ut 


Ficure 3. Length frequencies in various age-groups of eels from Bill’s Lake, New Brunswick. 
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alone. Ehrenbaum and Marukawa (1913) and others have shown, with respect 
to the European species, that size rather than age determines when scales first 
appear. Quite consistently scales appear only after eels attain lengths of 16 to 
20 centimetres. As judged from reading otoliths, such lengths are realized after 
eels have spent 1 to 5 years (most commonly 3 years) in fresh water (Frost, 
1945). 

A number of small eels (10.9 to 22.2 cm. in length) from Tedford Lake were 
examined by us for the presence of scales. Three areas on each fish were ex- 
amined most fully: (1) in the caudal region, (2) at half the length of the fish 
and (3) below the insertion of the dorsal fin. As shown in Table V no fully 
scaled eels were found below a length of about 20 centimetres, although scales 
were present on the posterior regions of the body, on either side of the lateral 
line, at about 16 centimetres. These observations are in good agreement with 
those on the European species. 


TABLE V. Relation between length of eels and appearance of 
scales based on eels from Tedford Lake. (A—absent; 
P—area partially covered; F—area fully covered) 





Length of Anterior Middle Caudal 





specimen area area area 

cm. 

10.9 A A A 
11.5 A A A 
13.8 A A A 
14.0 A A A 
15.7 A A A 
15.7 A A A 
16.0 A A A 
16.0 A A A 
16.2 A P 
16.3 A A A 
16.8 A A A 
16.8 A A P 
17.3 A P r 
17.3 A r r 
17.6 y r ag 
17.7 A A A 
17.8 FP iy P 
18.0 4 r P 
18.6 P r 
19.6 A A P 
20.4 F F F 
20.5 P F F 
20.8 \ r r 
21.1 F F F 
22.0 F F F 
22.2 F F F 
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AGE-GROUPS FROM SCALE READING 


Scales from eels in the collections from Bill’s, Crecy and Potter’s Lakes were 
examined and the number of annual rings counted. Skin specimens containing 
the embedded scales were taken from an area above the lateral line and about 
midway on the length of each fish. Ten scales were loosened from a skin specimen 
for reading and either mounted in glycerin jelly and examined later or moistened 
with “aerosol” and read immediately. If the observations in Table V are repre- 
sentative, it is possible that about 8 per cent (2 out of 26 cases were noted) of 
the skin specimens without scales would have contained them had they been 
taken from the caudal region. 

It has been shown that for the European eel all scales from a specific area 
on an individual do not exhibit the same number of annual rings (Frost, 1945). 
The same situation holds with respect to the American eel. Table VI gives the 
frequency in the number of annual rings found on ten scales from the same area 
(midway on the length) on each of 41 eels from Crecy Lake. The range in num- 
ber becomes wider with increasing age of the fish. Apparently scales continue 
to be laid down over a number of years, if not over the entire growing 
period of the eel. In view of this, our procedure was to record the maximum 
number of annual rings found on any of the ten scales examined, but being 
aware of the possibility that none exhibited the true maximum for that particular 
eel. Errors in reading cannot be dismissed, especially in those cases where the 
recorded maximum number of circuli was found on only one scale. 

On the scales from the presumably more slowly-growing eels, the zones of 
platelets may be only partially developed, sometimes reduced to caps on the 
long axis of the scales. We have followed Marcus (1919) in considering that the 
caps represent annual growth. In our samples cap formation was largely limited 
to the oldest fish and then to their later years. From discrepancies in age deter- 
minations between scale and otolith readings Marcus concluded that in some 
years zones of platelets are not laid down on the scales of slowly-growing eels and 
that partially formed zones and caps are manifestations of this possibility. Having 
only scale readings, we have had no means of recognizing the occurrence of 
missing zones of platelets, except the cases suggested by the presence of incom- 
plete zones on the scales of the older fish. 

In our discussions we have considered that all eels exhibiting the same 
maximum number of rings on their scales represent a single age-class. This has 
been done with appreciation that missing growth zones on the scales of the 
older eels and attainment of scale size at different ages may have introduced 
errors. As will be considered more fully later, the only evidence at hand suggests 
strongly that the majority of eels in our region attain scale size during their 
fourth year of age. 

The extent of the possible error involved in obtaining the maximum number 
of annual rings was explored by making readings for three sets of scales from 
each of 888 eels taken during the fall of 1949 from the trap on the outlet of 
Crecy Lake. The discrepancies between the readings proved to be considerable. 
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Frequency of number of annuli on ten scales from similar areas on each of 41 eels 


Length (total) 


cm. 
22.0 
22. 
22. 
23. 
23. 
24. 
24. 
25. 
26. 
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A higher number of annual rings (one more, except in 18 cases with two more) 
was found for 14 per cent of eels in the sample on the second, and 13 per cent 
on the third reading. Whenever a higher number was shown by the additional 
readings, it was usually the larger eels in an age-group that were involved. To a 
lesser extent the same fish were among the smaller in the older age-group into 
which the revision placed them. The net result was that the mean lengths for 
all age-groups, except that with 5 annual rings, became somewhat shorter than 
was determined from the first reading, although, as shown by the following data, 
the necessary revision was not severe: 


Age-group Decline in mean 
(Number of annual rings ) length, in centimeters 
0 0.2 
1 0.8 
2 2.1 
3 0.3 
4 1.6 
5 1.9 (increase ) 
6 1.0 
7 2.0 


The matter was not pursued to the logical conclusion of determining how many 
readings were necessary before corrections became negligible. 

The length frequencies of the several age-groups of eels in the samples from 
Bill’s and Potter's Lakes are plotted in Figures 3 and 4. The range in number of 
annual rings on the scales was from 0 to at least 9. The numbers of eels with 
8 or more annual rings on their scales were small (Table VII) and were not 
included in these figures. In general the representation of the several year-classes 
in the two lakes was similar, notwithstanding that the proportion of eels with 1 
annual ring was somewhat greater, and with 4 annual rings somewhat less, in 
Potter’s than in Bill’s Lake. The scarcity of young eels was noteworthy. None 
were taken that did not have scales developed. This feature will receive further 
consideration. 

The samples from Bill's and Potter’s Lakes were obtained in the same 
fashion, after the lakes had been treated with rotenone, and have been considered 
as quite representative of the eel populations in the lakes at that time. The 
sample from Crecy Lake, on the other hand, consisted of migrating individuals 
and might well be biased toward a dominance of certain age-groups. Although 
all the year-classes found in Bill’s and Potter’s Lakes were represented, there was 
actually a marked prominence of the intermediate age-classes with 3 and 4 
annual rings (Fig. 5). Compared to this situation, it was smaller and larger, 
hence presumably younger and older, eels that were the most strongly repre- 
sented among the fall collections of migrating eels from Gibson Lake (Fig. 2). 
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FicurE 5. Length frequencies in various age-groups of eels running from Crecy Lake, New 
Brunswick. 


EsTIMATE OF TOTAL AGE 


Length frequencies in samples of small eels attempting to enter Crecy Lake 
from June 28 to August 5 (the majority were collected in early July), 1951, and 
from July 22 to 24, 1952, are shown in Figure 6. Seventeen unpigmented elvers 
captured on April 24, 1952, in a small saltwater pond tributary to Passamaquoddy 
Bay, New Brunswick, had a mean length of 5.8+0.22 centimetres (Fig. 6). 
Crecy Lake is also tributary to Passamaquoddy Bay by way of the Bocabec 
River. From these data it would appear reasonable to conclude that the greater 
portion of the small eels taken at Crecy Lake in the summers of 1951 and 1952 
had entered Bocabec River from salt water earlier in those years, or in other 
words those eels were in their first year in fresh water. Attainment of an average 
length of 8 to 9 centimetres by mid-summer of their first year in fresh water has 
further led us to believe that the Crecy eels would reach scale length (16-20 cm. ) 
during their third (at most their fourth) year in the lake. Accordingly the eels 
from Crecy Lake with 1 to 9 annual rings on the scales (Table VII) were in 
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their fourth to twelfth year of freshwater life. It is inferred also that this was 
the case with the eels from Bill’s and Potter’s Lakes. 

Schmidt (1925) claimed that elvers of the American eel are about one year 
of age when they enter our coastal waters and ascend streams. This period of 
time enters into the reckoning of total age. 

European investigators use the otoliths in age determinations of the eel. The 
obvious merit of this method is that it bridges the gap in scale reading occasioned 
by the absence of scales on the young fish. Otherwise, as pointed out by Frost 
(1945), the otoliths present difficulties in preparation and in interpretation, much 
in common with the scales. Although our rather devious procedure of arriving 
at total age lacks precision, it reveals an important aspect of the life history of 
the American eel, namely the relatively long span of years that may be spent in 
our lakes. This is in sharp contrast to that for other limnetic species in the 
Maritime region. 

One approach to the control of the number of eels in a lake is to prevent 
the entrance of the young. Even if this can be effectively done (current investi- 
gations at Crecy Lake will throw light on this matter), a number of years must 
elapse before a lake is rid of eels, unless action is taken to destroy those already 
in the lake. 


CRECY 
JULY 24 1952 









CRECY 
JULY 10 1951 - 





NUMBER 





SALT-WATER POND 
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Ficure 6. Length frequencies among elvers from a salt-water pond and the outlet of Crecy 
Lake, New Brunswick. 


GROWTH 


It is believed that males of the American eel mature at a smaller size and 
at an earlier age than the females, and that males do not penetrate far into fresh 
water but tend to remain estuarial in their distribution (Smith, 1913; Bigelow 
and Welsh, 1925). One gains the impression from the literature, however, that 
these views do not rest so much upon investigation of the American eel as upon 
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assumed affinities between the American and European species. Obviously any 
contribution to a further understanding of these phases in the life history of our 
eel requires ability to segregate the sexes. We have been able to recognize the 
gonads from most of the larger eels in our samples (about 45 centimetres and 
over in length) as ovaries, but among the smaller eels (those from Bill’s and 
Potter’s Lakes have been examined the more thoroughly in this respect) no satis- 
factory differentiation was realized macroscopically, and histological examination 
was not attempted. The form of the male gonad of the European eel was de- 
scribed by Syrski (1874) as a scalloped or lobed structure in contrast to the 
crenulated ribbon-like ovary, and this difference has apparently been successfully 
employed by European investigators in separating the sexes, especially among 
those eels running to sea and nearing maturity (Frost, 1945). We have not been 
able to distinguish the so-called Syrski organ from what might equally well be 
an undifferentiated gonad of either sex. Of necessity we have largely ignored 
differentiation of the sexes in discussions of the growth of the eel, which we 
appreciate detracts from the value of this study. 

The average length and weight of eels in each of the several age-groups 
found in Bill's, Crecy and Potter's Lakes are presented in Table VII. 

The eels from Bill’s and Potter's Lakes exhibited a striking uniformity in 
their growth patterns. Length plotted against age approximates closely to a 
straight line, with appreciable aberrance only in the case of the oldest eels from 
Potter’s Lake. Limnetic populations of eels consist of immature fish. Accordingly 
growth in length and weight during almost their entire sojourn in fresh water is 
not disturbed by spawning and by senility. Only during a relatively short period 
in fresh water, just prior to the spawning migration, does approaching maturity 
of the eels apparently affect their growth to the point that it slows and ceases. 
However, the growth of the immature eels remains subject to effects arising from 
diversity in environments. Such effects were presumably shown by the generally 
faster growth rate of the eels in Potter's than in Bill’s Lake, at least during the 
years after scales had developed (Table VII). 

Since it consisted only of eels that were leaving the lake, the sample from 
Crecy Lake is considered less representative than those from Bill’s and Potter's. 
Further, the Crecy sample included eels that would, no doubt, have left the lake 
during the previous year had there not been a barrier across the outlet during 
that period. 

The growth pattern of the Crecy eels did not exhibit the same degree of 
uniformity disclosed in the samples from the other two lakes. Notable, by com- 
parison, was the small difference in the mean length and weight between the 
two dominant age-groups, namely those with 3 and 4 annual rings (Fig. 5, Table 
VII). Although we may postulate that factors inherent in the method of collection 
were responsible for the seeming anomaly, it does not seem possible from the 
data to specify them. 

The length-weight relationship for eels from Bill’s and Trefry’s Lakes, 
covering a length range from 8.4 to 77.6 centimetres, may be expressed in the 
equation W = 0.001727L°°*, where W = weight in grams and L = length in 
centimetres. 
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MOVEMENTS OF EELS 
IN RELATION TO SEASON 


ELVERS. Unpigmented elvers, or glass eels, arrive in the marine littoral areas 
of the Maritime Provinces as early as April; soon after, when pigmented or in 
the process of pigmentation, they began to enter fresh water. Their movements 
up Maritime streams have doubtless been frequently observed, yet records con- 
cerning these are few. 

Glass eels have been observed by Dr. A. H. Leim in April and May at the 
head of tide below a fall on the Magaguadavic River, Passamaquoddy Bay, New 
Brunswick. It has already been noted that glass eels were captured in a saltwater 
pond in the same region on April 24, 1952, and that young eels presumably of 
this same year-class were attempting to enter Crecy Lake by late June of the 
same year. Day (1941) found a movement of elvers well under way into Moser 
River, Nova Scotia, in the middle of June and this continued with decreasing 
numbers through July into August. Leim (MS) observed elvers ascending the 
Shubenacadie River, Nova Scotia, in large numbers during May and June, 1919 
and 1920. To the south on the American coast Hildebrand and Schroeder (1928) 
reported the collection of glass eels (48-60 mm. in length) at the surface of 
Chesapeake Bay during January, February and March. Tracy (1910) noted elver 
runs up the Taunton, Warren and Kickamuit Rivers, Rhode Island, from about 
April 15 to May 15. Greeley (1935) found both glass eels and pigmented elvers 
at the base of a falls on the Lower Muitzes Kill, tributary to Schodack Creek, 
New York, on May 18, 1934, and Welsh (Bigelow and Welsh, 1925) reported a 
large run of elvers in Little River, Massachusetts, on May 5, 1913. 

There is evidence, as we have seen, that elver runs occur in Maritime streams 
over a rather extended period, but most prominently during May and June. 
Latitude and variation in local and seasonal conditions may be expected to result 
in variation in the time and intensity of the upstream movements. 

It should not be inferred that all elvers leave salt-water habitats, such as 
estuaries, since those areas harbour small as well as large eels. “It is now generally 
believed that only the females run up above the head of tide—that is, that any eel 
caught in fresh water is a female—but the evidence on which this assumption 
rests is none too conclusive, especially in the case of the American eels.” There 
has been little advance in our knowledge of this phase oi the life history of the 
American eel since the above statement was made by Bigelow and Welsh (1925). 
The character of estuarine populations of eels remains largely unassessed al- 
though, from the known presence of large eels in such situations, it would not be 
surprising to find that females as well as males develop in salt water and that 
no clear-cut segregation of sexes occurs at the time of elver migrations into 
fresh water. 


OLDER EELS. Prominent downstream migrations of eels, especially of the larger 
individuals, in late summer and during the fall have long been known. 

The traps on the outlets of Chamcook, Crecy, Gibson, Welch and Wheaton 
Lakes captured eels in greatest numbers from late August through November. 
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A wide range in size, and presumably age, was noted (Fig. 2, 5). By reference to 
Figures 7 and § it is also apparent that the time and intensity of these outward 
runs may fluctuate considerably from year to year. 

Less appreciated are outward movements of eels from lakes that may occur 
in spring. The Crecy trap records show such movements in April, 1950, 1951 and 
1952 (Fig. 7). Outward movements of eels from Gibson Lake were also en- 
countered in May, 1948 and 1950 (Fig. 2). In general, however, the number and 
size of eels constituting these runs were smaller than found in the fall migrations 
(Fig. 2, 7, 8). 

Eels did not leave the above lakes during June and July, but they have been 
captured moving down Maritime streams during the summer season. Elson (1940, 
1941) reports that eels descended Goldmine and Johnny Smith Brooks, Moser 
River, Nova Scotia, with almost every summer spate in 1940 and 1941. The eels 
varied in length from 9 to 52 centimetres but the majority were small (10-15 
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Ficure 7. Movements of eels from Crecy Lake, New Brunswick, in relation to rainfall, moon 
phase and ice cover in 1949 and 1950. 
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Ficure 8. Movements of eels from Crecy Lake, New Brunswick in relation to rainfall, moon 
phase and ice cover in 1951 and 1952. 


cm.). A salmon smolt trap on the Rawdon River (Grand Lake), Nova Scotia, 
captured downward-moving eels from May to August (the period that the trap 
was operated) during the years 1947, 1948, and 1949 in the following numbers 
for the respective years: 402, 290 and 258 (Purvis, 1947; Chisholm, 1948, 1949). 
In 1949 the range length of the eels was 30 to 100 centimetres. Similar traps on 
the North (Petitcodiac) and Pollett Rivers, New Brunswick, also captured de- 
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scending eels from late May until early July (Andrews, 1943, 1947). It is apparent 
that downward-moving eels, within a wide range in size, may be encountered 
during the entire open-water season. 

On the other hand, upstream movements of large eels have been less fre- 
quently reported. The two-way trap on Ellerslie Brook captured few eels moving 
in either direction, but those that entered the stream from salt water (37 from 
1946 to 1950) did so sporadically during the summer and fall. These eels ranged in 
length from 23 to 88 centimetres. Chisholm (1949) trapped 45 eels (30 to 60 cm. 
in length) during May and the summer months of 1949 as they moved up the 
Rawdon River, Nova Scotia. We are indebted to Dr. J. C. Medcof and Mr. H. C. 
White for the information that there are pronounced inward movements of eels 
during the fall from salt water into certain rivers in the Atlantic watershed of 
northeast Nova Scotia, e.g., Moser, Maulin. It has been presumed that these eels 
were entering fresh water to hibernate. The movements occur annually with 
sufficient regularity to support small local trap fisheries. 

With the onset of the winter season eels become relatively inactive and may 
bury themselves in the bottom of estuaries, streams and lakes (Fowler, 1906; 
Kendall and Goldsborough, 1908). The junior author has speared hibernating 
eels in the estuary (salt water) below Ellerslie Brook, Prince Edward Island, as 
early as the first week in November. The location of the hibernating eels, at 
depths not exposed by low tide, could be spotted by shallow, almost round de- 
pressions in the mud. However, the period and degree of dormancy exhibited by 
our eels during the cold season has received little attention. The capture of an 
eel (50 cm.) on January 14, 1946, and another (61 cm.) on February 19, 1948, 
in the Ellerslie Brook trap indicates that some may remain comparatively active, 
even if these should prove to be exceptional cases. 


In RELATION TO MATURITY 


For most of its sojourn in fresh water the eel has a yellow cast, particularly 
on the under parts of the body, and is termed a yellow eel. “When growth in 
fresh water is completed such an eel becomes a silver eel, the stage which is 
ready to go to sea for reproduction. The dorsal surface of the fish is now a 
bronzy-black or dark brown and the belly milky white or silver. The head of the 
silver eel looks narrower and the snout more pointed than in the yellow eel and 
the eyes are definitely larger.” This statement by Frost (1945) was made in 
reference to the European eel, but a similar transformation by the American eel 
at maturity has been reported by Meek (1916) and Bigelow and Welsh (1925). 

The length frequencies among the eels moving from Gibson Lake in the fall 
tended to be bimodal in distribution (Fig. 2). One might advance the opinion 
that these runs consisted of eels that had attained their full development in fresh 
water and in effect constituted a spawning migration—the small individuals being 
males and the larger females. Certain of these fall runs from Gibson Lake were 
examined in the field in an attempt to determine the incidence of silver and of 
presumably maturing eels. It was found that all the eels of less than about 45 
centimetres which were examined exhibited the yellow colour phase and on this 
basis were deemed immature. On the other hand, among the larger specimens, 
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even at comparable sizes, there were not only eels that might be distinguished 
as yellow or silver, but also others with various gradations between the two 
colour phases. Gross examination failed to reveal any eels with an apparent 
enlargement of the eyes or change in head configuration that have been noted 
to characterize maturity. Apparently the changes peculiar to maturity were only 
beginning to be manifest among the eels leaving Gibson Lake. When the runs 
are viewed as a whole their relationship to maturity remains obscure. Only in 
so far as some of the eels exhibited silvering can we consider that the fall move- 
ments from Gibson Lake were influenced by a completion of growth in fresh 
water. We are here concerned with a restricted area and one environmental 
situation and our findings may or may not be representative of fall runs of eels 
from other lakes in the region. 


In RELATION TO ENVIRONMENTAL CONDITIONS 


A strong tendency for eels to be nocturnal in habit and to hide or remain 
relatively quiescent during the day has often been observed. Adherence to this 
pattern of activity is illustrated by the capture of outward-moving eels almost 
exclusively at night in traps maintained by us on the outlets of Maritime lakes. 
Repeated observations during the summer of 1951 and 1952 revealed that young 
eels (Fig. 6) were active only at night in their attempts to pass a barrier on the 
outlet of Crecy Lake. In a circular experimental pond with a constant current, 
Davidson (1949) noted that a majority of the young eels (7-13 centimetres in 
length) hid during the day, to appear suddenly in the evening and move against 
the current. 

From observation, movements of eels are the net result of reactions to a 
variety of factors among which light is apparently a dominant one. That seeming 
aversion to light as a controlling factor in the migration of elvers may be subordi- 
nated to other influences, however, is shown by the observations of Day (1941) 
and Leim (MS) that unpigmented elvers in large numbers moved up the Moser 
River and pigmented elvers up the Shubenacadie Rivers, Nova Scotia, through- 
out the day. A further observation of Day, that when stranded in the quiet waters 
of tide pools the unpigmented elvers remained hidden during the daylight hours, 
indicates that at least one of these other influences may have been flow of water. 
Greeley (1935) found unpigmented elvers swimming about a pool at the base 
of falls on the Lower Muitzes Kill, New York, in the daytime, while pigmented 
individuals were hidden, which suggests that this stage of development also 
warrants consideration, Cox (1916) followed the movements of large eels in a 
stream when they were subjected to stationary and moving lights (bullseye 
lanterns ). “All things considered it seems very unlikely that their ascent could 
be arrested by such means.” More recent studies by Lowe (1952) on the Euro- 
pean eel in English waters “have shown that the downstream migration of silver 
eels may be (a) checked and (b) deflected by lights”. 

In Figures 7 and 8 the time of movements of eels from Crecy Lake is com- 
pared with precipitation records obtained at the Atlantic Biological Station, 
approximately 10 miles from the lake. Readings at 8 a.m. provided records of the 
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precipitation during the previous 24 hours. Moon phases and duration of the ice 
cover on the lake are also indicated. 

Each significant run of eels was coincident with or within about 24 hours 
of a heavy rainfall. However, every heavy rainfall was not followed by a run 
of eels. Much precipitation is necessary to provide an appreciable run-off of 
water in summer from a forest area such as surrounds Crecy Lake, but there 
were rainfalls, especially in late fall, that changed the water level markedly 
without an accompanying eel run. At those times there were eels in the lake of 
sizes that had left previously in the same seasons. An increased flow of water is 
apparently a potent factor in initiating runs of eels from lakes, but obviously 
there are other underlying factors that determine why only certain eels leave 
in a particular season, among which stage of development is probably important. 

Petersen (1908) was of the opinion that the full moon affected at least the 
depth at which European eels (silver) migrated in Danish waters. Lowe (1952) 
observed that the greater portion of silver eels left English lakes when floods 
and moonless periods were coincident. She concluded that “weather conditions 
were not as important as floods in determining whether eel runs occurred”. As 
seen in Figures 7 and 8 there was no good correlation between the time of eel 
runs from Crecy Lake and a particular moon phase. Most of the runs occurred 
with storms and, whether waxing or full, the moon would provide little light at 
those times. On the few occasions when it was possible to make observations it 
was noted that, once under way, an eel run did not stop with clearing skies. 
Certain eel runs were confined, or almost so, to one night. Clear skies, with or 
without moonlight on nights following such runs, may have been a factor in their 
discontinuance, although we suspect that a diminution in the flow of water was 
more important. 

Spring runs of eels from Crecy Lake occurred at or shortly after the break-up 
of ice (Fig. 7). Any direct relationship between these two events is improbable; 
more probably such runs were associated directly with a greater run-off of water 
arising from melting snow or precipitation. 


S1zE AT Wuicu EE ts ENTER LAKES 


It might be anticipated that elvers migrating upstream from the sea would 
enter lakes during their first year in fresh water. Certain of our observations 
corroborate this view. As we previously indicated young eels attempted to enter 
Crecy Lake from late June into early August in 1951 and 1952 and it was con- 
cluded that the majority of these small eels were in their first year in fresh water 
(Fig. 6). When Tedford (July 31, 1936) and Trefry’s (August 6, 1938) were 
treated with copper sulphate, small eels, among which there were undoubtedly 
elvers of the year, made up a greater part of the eel populations (Fig. 9). 
Similarly, small eels (9 to 20 cm. in length) were dominant in Cassidy Lake, 
New Brunswick, when the fish in that lake were poisoned with rotenone on 
September 30 and October 1, 1948 (Smith, 1949). However, the finding of no 
eels of less than 20 centimetres in length when Bill’s (June 16 and September 8, 
1938) and Potter's (July 24, 1989) Lakes were treated with rotenone belies any 
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definite pattern in the movements of small eels into lakes. Not only elvers of the 
year but also at least one or two of the next year-classes were apparently absent. 
We have no reason to suspect that the concentrations of rotenone (0.5 to 1 ppm. 
of derris powder containing 5 per cent rotenone) employed in treating Bill’s and 
Potter’s Lakes would not kill the small as effectively as the large eels. It is also 
improbable that small poisoned eels would escape detection in these but not in 
the other lakes in which the fish were poisoned. Actually when small eels were 
not found among the poisoned fish in Bill’s and Potter’s Lakes a more careful 
search was made without revealing any. 

The eel is catadromous, and, in general, eel movements have been described 
as adhering to relatively simple patterns in relation to this habit: elvers into 
fresh waters and maturing eels to the sea. Certainly such movements are inherent 
in the life history of the eel, yet, as shown from the data that we have presented, 
these exhibit much diversity with respect to intensity and time and in relation 
to the environmental factors affecting them, and do not appear to include all 
large movements of eels observed in our waters. Possibly we should view the 
habitat of our eel as including both marine coastal areas, especially estuaries, 
and the contiguous fresh waters, within and between which eels may move in 
response to a changing environment. Habitat preferences by the sexes, about 
which there is seemingly little known so far as the American eel is concerned, 
further complicate any attempt to classify eel movements. 
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Ficure 9. Length frequencies among eels from Tedford and Trefry’s Lakes, Nova Scotia. 


SUMMARY 


1. Estimates were made of the standing crops of eels in eight Maritime lakes 
when these were treated with fish poison in attempts to destroy undesirable 
species. The largest crop was 70.8 pounds of eels per acre in a shallow warm 
10.5-acre lake. No eels were taken in an 8-acre lake on whose outlet there is a 
series of falls. In six lakes (45 to 111 acres) the standing crops of eels varied 
from 0.2 to 8.0 pounds per acre. 

2. Eel runs from a number of New Brunswick lakes were partially or wholly 
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assessed by capture in traps maintained in the lakes’ outlets. The quantities of 
eels varied greatly from year to year and from lake to lake. Over a four-year 
period the total quantity of eels that left a 50-acre lake was 446 pounds (203 kg.). 
Since the eels produced in fresh waters sooner or later leave them, they may be 
in sufficient quantity to represent an appreciable loss to the nutrient cycles of 
streams and lakes. 

8. The smaller standing crops of eels in lakes were associated with greater 
distances from the sea and with intervening lakes and obstructions. Although the 
eel is one of the more successful fish in Maritime lakes, it exhibits no special 
superiority over a number of other species in utilizing the productive capacity 
of such waters. Eels appear to avoid, and thus have a minor influence in, cool 
spring-fed streams which are important nurseries for young speckled trout. 

4. Scales were not found on young eels until they had attained lengths of 
from 16 to 20 centimetres. Elvers may reach lengths of at least 8 to 10 centimetres 
during their first year in fresh water. On this basis it has been judged that scales 
appeared during the third year in those fresh waters with which we were 
concerned. The eel continues to lay down scales as it grows and re-readings 
showed that scales with the maximum number of annual rings are not infre- 
quently missed, giving rise to one of the more important sources of error in age 
determinations by the scale method. 

5. Scale readings were made for representative samples of eels from two 
lakes treated with fish poisons and for eels comprising the runs from a third lake 
during one fall season. At least nine age-groups were represented, with scales in 
each of the three samples. Dominant age-groups among the poisoned eels were 
those with 2 and 3 annual rings on the scales and among the migrating fish those 
with 3 and 4; these represent eels in their fifth and sixth, and sixth and seventh, 
years in fresh water, respectively. Being immature and undisturbed by spawning 
and senescence, the poisoned eels exhibited a uniform growth pattern, and 
length plotted against age approximated closely a straight line. This situation 
did not hold in the sample of migrating eels, possibly because it was subjected 
to a selection inherent in the causes underlying the eel movements. 

6. Elvers arrive in the littoral marine areas of the Maritime Provinces as 
early as April, and the most prominent upstream movements of elvers into fresh 
water are in May and June. Runs of eels from New Brunswick lakes, embracing 
a wide range in length and apparently in age, occur in April and May and again 
in a sporadic manner, but usually involving larger numbers of fish, from late 
August through November. Fall runs of large eels from salt water into Nova 
Scotian rivers have been noted. Hibernation of eels, in that they bury themselves 
in bottom deposits, occurs in the Maritime region, but has received little study. 

7. The relation of maturity to the fall runs of eels from New Brunswick 
lakes was rather obscure. Of the runs examined silvering was manifest only 
among a portion of the largest eels, which were invariably females. 

8. The runs of eels from New Brunswick lakes occurred almost invariably 
at night and were for the most part coincident with rising water levels during 
and immediately following heavy precipitation. Although elvers as well as larger 
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eels usually exhibited maximum activity at night large numbers of elvers con- 
tinued to move up certain Maritime streams during the day. 

9. No adequate explanation can yet be given for the observation that young 
eels (less than about 20 cm. in length) were found in some but not in other 
Maritime lakes when these were treated with fish poisons. 
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Day and Night Characteristics of Spatfall and of Behaviour 
of Oyster Larvae 


By J. C. MEpcor 
Atlantic Biological Station, St. Andrews, N.B. 


ABSTRACT 


Collectors were exposed at various depths in water 2.3 m. deep in tideless Gillis Cove 
(Bras d’Or Lake, N.S.) and renewed morning and evening. Rates of settlement of oyster spat 
(Ostrea virginica) as high as 0.4 spat per sq. cm. per hour were observed. The catch varied 
directly with depth, was heavier by day than by night, and the level of most intense spatfall 
was closer to the surface by day than by night. The catch on lower surfaces was heavier than 
on upper but the difference was less by day than by night. These and other observations 
suggest that ready-to-settle oyster larvae have three behaviour characteristics: they are benthic; 
light stimulates them to settle; and they settle most readily on lower surfaces. 


INTRODUCTION 


A CLEARER understanding of the behaviour of oyster larvae is worth striving for 
because it should permit more efficient spat collection which is the first step in 
oyster culture. Light and other environmental factors are known to affect larval 
behaviour, but their roles are still obscure though many workers (Carriker, 1951; 
Korringa, 1952) have explored them. This is probably because most of the 
observers have worked alone under uncontrolled natural conditions during the 
oyster’s brief summer reproductive periods. 

There is hope that our understanding will improve more rapidly now since 
Loosanoff (Loosanoff and Davis, 1950) has developed a method for culturing 
larvae the year round, thus making it possible to study larval behaviour by 
extended programs of laboratory experiments such as those begun by Truitt 
(1926). Since this new method is available it seems desirable to review and 
integrate the concepts already formed from field observations and to bring for- 
ward those suggestive of the future direction of laboratory work. For this reason 
the results of a study of spatfall in the Bras d’Or Lake, N.S., in 1939 and 1940 
are presented and compared with those of other studies. Three basic behaviour 
characteristics of larvae that are ready to settle have been deduced and the 
validity of these should be susceptible to laboratory testing. 


LOCALE 


The site of the experiments was Gillis Cove, a small body of water, about 
40 hectares in area, tributary to that part of the Bras d'Or Lake which is known 
as North Basin of River Denys. Gillis Cove is well stocked with oysters (Ostrea 
virginica) of the soft-bottom, brackish-water type common to this section of the 
lake. It is characterized furthermore by regular heavy summer spatfalls. 
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The cove is well protected from winds by its generally high, steep and 
partly-wooded shores and its narrow winding outlet. The water is remarkably 
transparent for oyster areas. On clear summer days the bottom can be seen in 
four metres. Currents are scarcely perceptible except at the outlet. The diurnal 
tidal fluctuation in water level is approximately 15 cm. but is seldom apparent, 
as it is masked by fluctuations induced by changing barometric pressures, wind 
direction and other factors that affect water levels. Because of this, tidal cycles 
are assumed to have had no effect in this study. There is practically no inflow of 
fresh water during the summer and, in general, summer hydrographic conditions 
are reasonably uniform (Medcof and Needler, 1941) from top to bottom. There 
is no thermocline and no halocline. 

Because of these simplified conditions one might hope to discover clearer cor- 
relations between environmental factors, larval behaviour and spatfall in Gillis 
Cove than in most oyster areas where the hydrography is vastly more complex. 
The cove is therefore considered a good place for preliminary studies. Much more 
could be learned there from better designed experiments but the incompleteness 
of this work and of Carriker’s (1951), which involved no night observations at 
all, shows that teams of investigators rather than individual workers are needed 
to assemble the mass of data required for a thorough study of these complexities. 


METHOD 


Six experimental collectors, in the form of 9.0 x 5.7 cm. cardboards coated 
on both sides with a film of concrete 1 to 2 mm. thick, were exposed 30 m. from 
shore on the side of the cove away from the outlet where the water was 2.3 m. 
deep. They were supported in horizontal position in a vertical series by wire 
clips attached to a 3 m. vertical piece of heavy galvanized wire (3 mm. diameter ) 
weighted at the lower end to keep it stable. The wire was suspended from the 
end of a wooden arm 60 cm. long attached to the south side of the upper end of 
a wooden pole that was driven into the bottom. This precaution was taken to 
avoid effects of shadows or of eddies about the pole on spatfall on the collectors. 
In 1939 these were held at 0, 30, 60, 90, 185 and 195 cm. and in 1940 at 15, 46, 
75, 110, 152 and 215 cm. below the surface at low tide. 

Collectors were exposed at periods when spatfall was predicted from exami- 
nations of catches of the planktonic larvae (Medcof 1939) and were renewed 
every morning and evening. The spat on the upper and lower surface of each 
collector were counted under a binocular microscope, with care to avoid counting 
“resting larvae” which were not uncommon. These can be dusted off by probing 
with a camel’s hair brush but true spat cannot be so moved because they have 
cemented themselves firmly to the collectors. 

Each group of collectors was aged by soaking for 48 hours in a bucket of 
sea water before exposure. This precaution was taken to avoid possible effects 
of freshness of the concrete film on spatfall. There were no signs of any organic 
growth on the collector surfaces following this treatment. 

Some hydrographic and meteorological records were compiled during the 
tests. The writer was faithfully assisted in the work by Mr. Robert Gillis. 
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RESULTS 


The hydrographic and meteorological observations are listed in Table I. 
Data on spatfall appear in Tables II to VII. 

The 1939 experiment was preliminary in nature and covered a period of only 
three days and nights. The times when collectors were renewed were somewhat 
irregular and, for purposes of comparison, the actual day and night catches 
(Tables II-IV ) were adjusted to equivalents for twelve-hour periods. These pre- 
liminary results were so suggestive of important day-to-night differences that a 
more elaborate and thorough test was conducted in 1940. This second experiment 
extended over ten days and nights, and the night and day exposure times were 
so nearly equal (Tables V-VII) that they may be considered equal without 
introducing serious error. 


TABLE I. Meteorological and hydrographic observations in Gillis Cove, N.S., during experimental 
periods in 1939 and 1940. 











Water Air 
temperature Salinity temperature Weather 
Date Time - — : - - — - 
1.6 m. 1.6 m. 
Surface deep Surface deep Max. Min. Sky Wind? 
os hos Ge Gu _ 7 
1939 
July 30 10.30 a.m. 24.0 23.4 na cee gets en bas a 
5.30 p.m. 26.8 26.0 aos cats 29 22 ~=sclear Lt. W 
31 5.30 p.m. 25.8 25.8 oe see 26 24 cloudy Lt. SE 
Aug. 1 5.30 p.m. 26.0 26.0 ne a 29 2i clear Fr. W 
1940 
July 23 5.25 p.m. 23.3 23.4 i are 28 18 clear Lt. SW 
24 5.30 p.m. 23.0 ‘ 22.8 peas coon 27 18 cloudy Fr. SW 
25 5.25 p.m. 24.0 24.0 Pe ca 29 20 ~—sclear Fr. SW 
26 5.30 p.m. 24.5 eis 19.1 19.0 29 23 ~=s clear Fr. SW 
27 5.30 p.m. 24.0 21.5 32 21 ~~ clear Lt. SW 
28 5.30 p.m. 23.5 21.5 30 18 clear Lt. SW 
29 5.25 p.m. 23.0 21.0 32 20 ~—sclear Lt. E 
30 5.40 p.m. 22.0 22.0 24 — Lt. SW 
3l 6.00 p.m. 23.8 21.8 27 18 cloudy Fr. NW 
Aug. 1 6.00 p.m. 20.3 19.5 ae 18 16 + raining St. NE 
2 5.35 p.m. 20.5 20.3 21.5 21.3 25 14. clear Lt. SE 
3 5.25 p.m. 21.5 21.0 — vais si piece 
5 5.25 p.m. 23.5 23.0 34 10 clear iz, $ 


"Lt. = light; Fr. = fresh; St. = strong. 
’Heavy rain preceding night. 
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DISCUSSION 


GENERAL CHARACTERISTICS OF SPATFALL 


The records for 1940 (Fig. 1) show that there was much variation in the 
intensity of spatfall from day to day, which, from past experience, appears to be 
characteristic of the area. Observations by the writer showed that approximately 
half the total summer’s set occurred within nine days in 1938, within eight days 
in 1939, and within a week in 1940. This suggests that the greater part of any 
years spatfall results from the maturation of the brood from a single mass 
spawning of the cove oysters. This would account for the high rates of spatfall 
observed. 

The highest rates were recorded for lower sides of the deepest collector 
during the night of July 30-31, 1939 (Table II), and during the daylight hours 
of July 27, 1940 (Table V). At these times they attained 0.4 spat per hour per 
sq. cm. of collector surface. 

There was a clear overall tendency for spatfall to vary directly with depth 
(Fig. 2). There was also an overall tendency for the catch to be heavier on lower 
than on upper surfaces. 


900 


Number of spat 





July August 


Ficure 1. Spatfall in 1939 and 1940 on experimental collectors (6 depths combined) on 
successive days and nights. 
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Ficure 2. Total spatfall in 1939 (adjusted) and 1940 (actual) by day and by night on 
upper and lower surfaces of 6 experimental collectors held at different depths below low-tide 
surface level (total area 616 cm.?). 











Day-tTo-NIGHT DIFFERENCES IN SPATFALL 


In the following discussion of day-to-night differences it is important to bear 
in mind that both the morning and evening changes of collectors took place in 
daylight or in morning or evening twilight. This means that some of each “night” 
spatfall took place when light was probably affecting larval behaviour. In future 
work of this kind, each twenty-four hour period might be divided into at least 
four parts—a day period of intense light, a night period when it is really dark 
and a morning and evening period of twilight when light intensity is increasing 
or decreasing rapidly. By such a device the day-to-night differences should be 
revealed more clearly. 

Besides the general characteristics of spatfall just described, the records 
show that there were outstanding day-to-night differences in total catch, in 
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vertical distribution of catch and in its distribution on upper and lower collecting 
surfaces. 


TOTAL CATCHES. If the total day catch for each year’s entire experimental 
period is compared with the corresponding total night catch (Tables III, VI), 
it will be found that the day catch was somewhat the larger. The day-to-night 
ratio was 1.1 (1892/1692) in 1939 and 2.0 (1982/1010) in 1940. 

It is more instructive, however, to compare each individual day’s catch with 
the preceding night’s catch (Tables IV, VII; Fig. 1). This provides 12 separate 
values (3 in 1939 and 9 in 1940) for the day-to-night ratio instead of two as in 
the comparison in the preceding paragraph. These varied from 0.8 to 6.4 with 
means of 1.1 from 1939 and 3.2 for 1940. The spatfall was almost consistently 
heavier by day than by night. 


VERTICAL DISTRIBUTION. As pointed out earlier, there was an overall tendency 
for the intensity of spatfall to vary directly with depth. This holds true both by 
day and by. night, but Tables IV and VII show that the ratio of the catch on the 
three deeper collectors to that on the three shallower collectors differed appreci- 
ably from day to night. The day values of the ratio ranged from 1.0 to 7.8 with 
means of 1.9 for 1939 and 3.0 for 1940; the night values from 1.3 to 7.5 with 
means of 3.3 for 1939 and 3.8 for 1940. In other words there was a tendency for 
the spatfall near the surface to be heavier, in comparison with that near the 


bottom, by day than by night. 


CATCHES ON UPPER AND LOWER COLLECTOR SURFACES. Tables III and VI and 
Figure 2 show that there was an overall tendency toward heavier spatfall on lower 
than on upper surfaces of collectors but that its expression was modified both 
by depth and from day to night. This held true for both 1939 and 1940. 

The ratio of catch on lower surfaces to that on upper surfaces was smallest 
for collectors held close to the surface and increased progressively with depth. 
The rate of increase with depth was not conspicuously different from day to 
night but the data are too meagre to indicate with certainty that such an effect 
was not present. 

The ratio at any particular depth was nearly always smaller by day than 
by night. The 1940 records are better than the 1939 for such a comparison 
because more pairs of day and night observations were involved and because 
the day and night exposures were more nearly equal and free of possible error 
introduced by the long night exposures. They show day values of the ratio that 
are about half the night values. 

The hydrographic and meteorological changes observed during the two test 
periods were not of a sort apt to affect these results. 


CHARACTERISTICS OF READY-TO-SETTLE LARVAE DEDUCED FROM CHARACTERISTICS 
OF SPATFALL 


In order to explain observed peculiarities of spatfall, various investigators 
have theorized on the habits of ready-to-settle larvae, assuming that the intensity 
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of spatfall at any time and place is directly proportional to the abundance of 
larvae that are ready to settle then and there. This is a fundamental assumption 
that has been substantiated in a rough way many times (e.g., Cole and Jones, 
1939, with Ostrea edulis) and we make it again here. If it were better established 
we should have more confidence in attributing behaviour characteristics to 
larvae from observations on spatfall and in explaining departures from these. 
Nevertheless, it is considered worth while to delineate three larval characteristics, 
in so far as they can be deduced on the basis of this assumption from the observa- 
tions that have just been described, and to assess their reliability by reference 
to observations by other workers. 


1. UNSTIMULATED LARVAE ARE BENTHIC. The simplest conclusion from the 
Gillis Cove spatfall observations is that larvae that are ready to settle are 
characteristically benthic and leave the bottom only when they are induced to 
do so. Loosanoff and Engle (1940) observed heavy spatfall of Ostrea virginica 
on the bottom when there were practically no swimming larvae to be found. 
Carriker (1951) has established that in Barnegat Bay larvae of this species 
actually spend much of their time resting or crawling on the bottom at low and 
ebb tide. These may be interpreted as unmodified instances of the benthic habit. 

Gaarder and Bjerkan (1934) observed oxygen depletion near the bottom and 
a concentration of larvae of Ostrea edulis at a higher level where more favourable 
conditions obtained. Records by Cole and Jones (1949) suggest that low pH 
stimulates upward swimming in O. edulis larvae and that surface concentra- 
tions of phytoplankton keep them deep in the water. Nelson and Perkins (1931), 
and more recently Carriker (1951), found that ready-to-settle larvae of O. 
virginica rose in the water as the salinity of the estuary increased with rising 
tide. Cole and Jones (1939) did not believe that larvae of O. edulis rest on the 
bottom, but the characteristics of spatfall in their tanks are similar to those 
described here for Gillis Cove—spatfall close to the surface was heavier by day 
than by night. In both of these cases we must conclude that the larvae con- 
centrated at the bottom during the night and were stimulaed to move away from 
it by daylight illumination. This supports Nelson’s (1926) conclusion that larvae 
of O. virginica swim more actively in light than in darkness and therefore moved 
upward in the water by day. He showed that swimming activity of larvae is 
synonymous with movement away from the bottom, and cessation of swimming, 
with movement towards the bottom. 

All these observed behaviours can be brought into accord if they be in- 
terpreted as expressions, direct or modified, of this first characteristic we have 
attributed to Gillis Cove ready-to-settle larvae—the tendency to stay at the 
bottom or close to it. The modifications may result from various stimuli or com- 
binations of stimuli which may differ from time to time and from place to place. 


2. LIGHT STIMULATES LARVAE TO SETTLE. Our results for Gillis Cove show 
heavier spatfall by day than by night and suggest that light hastens settlement. 


Cole and Jones (1939) made parallel observations in their tanks pointing to the 
same conclusion. 
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In addition, their spatfall rates in the morning hours of subdued light follow- 
ing a period of darkness were lower than afternoon rates during more intense 
illumination. This suggests that light not only hastens settlement but that there 
is a direct correlation between light intensity and spatfall rate. These effects could 
be attributed, of course, to other factors—for instance, temperature increases 
during the day, which cannot be ruled out because no temperature data are 
supplied. However, it seems unlikely that the small temperature changes to be 
expected could produce such remarkable effects on spatfall as Cole and Jones 
have described for Ostrea edulis. 

Light may not directly stimulate larvae to settle as has been suggested. Its 
stimulating effect on the swimming activity of ready-to-settle larvae could largely 
explain what observations have been made because more swimming may mean 
more contacts with collector surfaces and more spatfall. The proposal of this 
second characteristic of ready-to-settle is therefore advanced tentatively with 
the hope that laboratory study will resolve the problem. 


3. LARVAE SETTLE MORE READILY ON LOWER SURFACES. The Gillis Cove results 
accord with most of those reported for other areas in showing heavier catches 
on lower than on upper surfaces. The uneven distribution is often explained as 
resulting from fouling of the upper surfaces by silt and growths, but the exposure 
times were so short in our experiments that no silting was detectable and cer- 
tainly no fouling growths appeared. Nelson (1926) explained the uneven distribu- 
tion as a result of the stimulating effect of light on larval swimming activity. He 
believed that by day the larvae swam until they found shade and then became 
quiescent, and that this resulted in an accumulation of larvae in shade by day and 
a consequent heavier total spatfall (day and night combined) on lower than on 
upper surfaces. So far as the Gillis Cove results are concerned, Nelson’s theory 
is inadequate in explaining (1) why spatfall is heavier on lower than on upper 
surfaces by night as well as by day and (2) why the catch on upper surfaces 
relative to that on lower is heavier by day than by night. 

Hopkins and others studied the swimming posture of larvae and arrived at 
a mechanical explanation for the heavier spatfall observed on lower surfaces. 
They concluded that the position of the foot makes it easier for larvae to cling 
to and settle on lower surfaces encountered while they are swimming upwards 
than on upper surfaces encountered while they are sinking in the water. Cole and 
Jones (1949) agreed with this explanation for a time, but found that it did not 
satisfactorily explain the results of their experiments with inclined collector sur- 
faces, and they postulated an active “preference” of the larvae for lower surfaces. 

The Gillis Cove results support their theory. This is shown by a departure 
of the larvae from what might be called their characteristic behaviour of settling 
on lower surfaces. Ww hen they were exposed to daylight and presumably under 
a strong “urge to set”, they attached to upper surfaces in relatively higher num- 
bers than during the night. It seemed as though they were stimulated to settle 
somewhere quickly on whatever surface they encountered. 
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This explanation assumes that ready-to-settle larvae of O. virginica have 
only a small capacity to postpone settlement until a suitable site is selected. This 
concept is supported by Prytherch (1929) and Medcof (1939) although not by 
Nelson (1926). 

Korringa (1940) for Ostrea edulis and Bonnot (1937) for O. lurida reported 
consistently heavier spatfall on upper than on lower surfaces of the particular 
types of collector they were using. The discrepancy between their results and 
others remains unexplained, but may result from some interaction of environ- 
mental factors peculiar to their experiments. 


CONCLUSIONS AND SUMMARY 


1. Gillis Cove spatfalls are compact and heavy. Over half the year’s catch 
frequently occurs within a week, and rates as high as 0.4 spat per sq. cm. of 
collector surface per hour of exposure have been observed. 

2. There is an overall tendency for spatfall to increase directly with depth 
and to be heavier on lower than on upper surfaces. 

3. The total catch per hour, per unit area of collector, was almost consistently 
higher by day than by night and averaged three times as high. 

4. The spatfall close to the surface, when expressed as a fraction of the total 
spatfall at all depths, was higher by day than by night. 

5. Compared with that on under surfaces of collectors, the catch on upper 
surfaces was heavier by day than by night. 

6. It might be worth while repeating the Gillis Cove experiment using four 
rather than two exposure periods every 24 hours. 

7 Comparison of these results with those of other investigators suggests 
that ready-to-settle larvae of several species have three important behaviour 
characteristics in common, namely: 

(1) They are benthic. 

(2) Light stimulates them to settle. 

(3) They “prefer” to settle on lower rather than upper surfaces. 

8. Many behaviour patterns apparently discordant with these characteristics 
can be explained as modified expressions of them produced by environmental 
factors such as light, oxygen deficiency, pH, phytoplankton concentrations, 
salinity changes and intertidal exposure of collectors. 

9. Most of these conclusions should be susceptible to laboratory testing now 
that culture of larvae has been perfected. 
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The Egg Masses of the Naticidae (Gastropoda)! 
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ABSTRACT 


The process of egg collar formation by naticid whelks is described in detail, with an 
account of the structure of the egg masses of nine species of Naticidae. The collars of five 
American and two European species are described together with three unidentified egg masses 
recovered from Canadian Atlantic waters. These are compared with the egg masses of other 
species, previously described in the literature, and a scheme of classification for the egg collars 
of the Naticidae is presented on the basis of these descriptions and comparisons. 
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INTRODUCTION 
THE PuRPOSE of this paper is to describe, in detail, the egg masses of nine species 
of whelks belonging to the family Naticidae, and to advance a basis for the 
identification of Naticid egg masses by classifying them according to their 
external and internal characteristics. 

Of the nine types of egg masses treated in detail, three remain of unknown 
parentage. These three have been recovered each summer since 1948, from deep 
waters (18-25 fathoms) off the Canadian Atlantic seaboard (Giglioli, 1952). 
They are the typical sand-encrusted gelatinous ribbons, described by Ankel 
(1930), Melville (1930), Hertling (1932) and Thorson (1935, 1940, 1946) as 
being characteristic of the Naticidae and no other prosobranch family. Since the 
parent snails were not recovered, and none of these egg masses is described in 
the literature, (Ankel, 1930; Melville, 1930; Hertling, 1932; Thorson, 1935, 1946, 
1949; Stinson, 1946; Wheatley, 1947; Giglioli, 1949, 1952) it is impossible to 
ascribe them to any of the genera listed for this region by Johnson (1934): 
Natica, Polinices, Amaura, Amauropsis, Bulbus, Sinum, Eunatica or Gyrodes. 

It has been concluded that the parent gastropod of these three types of 
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unidentified egg masses might, as yet, be unrecorded. However, the differences 
between each type of egg mass were considered great enough to warrant regard- 
ing them as the product of three distinct species (Giglioli, 1952), and they are 
referred to herein as collars A, B and C (Canadian sp.), in order to distinguish 
them from the three unidentified Iranian egg masses recovered by Thorson 
(1940). 

When, in the following discussion, it has been necessary to make generalized 
statements, such generalizations have been based on observations made on the 
whelks, Polinices triseriata and P. heros, because of the writer’s greater knowledge 
of these two species (Giglioli, 1949, 1952). 

Since the taxonomy of the Naticidae differs somewhat in its usage on either 
side of the Atlantic, an attempt has been made to conform with the nomenclature 
used by Johnson (1934), in which the subgenera Neverita Risso 1827 and Euspira 
Agassiz 1838, or Lunatia Gray 1847, are included in the genus Polinices. 

In order to facilitate recognition, some of the more frequently used synonyms 
obtained from: Gould and Binney (1870), Whiteaves (1901), Odhner (1913), 


Dall (1921), Lebour (1937) and Thorson (1940, 1941, 1944, 1946, 1951), have 
been included. 


STRUCTURE OF A TYPICAL EGG MASS 


Classically the Naticidae are known as the moon or necklace snails, owing 
to the shape of their egg masses. These egg masses are nastriform, and, though 
somewhat resembing those of Dolium (Thorson, 1940) and Stiliger niger (Ras- 
munssen, 1951), they differ from these in possessing sand grains embedded 
within their gelatinous walls. 

Many attempts have been made to describe the external appearance of 
these egg cases, which have resulted in some interesting and amusing comparisons 
being recorded in the literature. 

Verrill (1857) regards the egg cases as “shaped like a saucer, but with- 
out a bottom”. Jeffreys (1867) describes one as “strap shaped and convoluted, 
assuming a quoit-like form. It is of a gelatinous consistency, but rendered 
tolerably firm by the admixture of sand grains”. He further likens the dry 
egg case of Polinices catena to a “piece of thin Scotch oaten bread”. 

Lo Bianco (1909), recognizing the true relationship between the sand grains 
and the gelatinous egg mass, states that they are: “Funnel-shaped and formed 
by sand grains cemented together by a gelatinous substance”. Arnold (1903) 
describes them as: “A basin with the bottom knocked out and broken at one 
side.” Step (1927) records the egg masses as: “Strap-shaped bands . . . [whose] 
egg capsules are connected by a gelatinous material, at first fluid and sticky, but 
by the adhesion and incorporation of sand . . . [they become] firm”. Thorson 
(1946) classifies them as: “Sand encrusted, flat egg rings of hardened slime’; 
while Stinson (1946) describes the egg case of Polinices triseriata as: “. . . re- 
sembling an old-fashioned detachable collar, lying with its widest diameter on 
the surface of the flat”. 

Perhaps the best descriptive term for these egg masses, and the one that will 
be used in this paper, is “egg collar”. 
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DEFINITION OF TERMS UsED 


In the following discussion the collars are described with reference to their 
axes and other selected characteristics. For-clarity these are defined and repre- 
sented diagrammatically in Figure 1. 

DIAMETER, WIDTH OR HEIGHT, AND THICKNESS. These terms are self-explanatory. 

LENGTH. This refers to the length of a collar when it is uncoiled and flattened 
out on a plane surface. It is usually given as two measurements, that of the apical 
and that of the longer basal margin. 

VERTICAL TRANS-SECTION. An internal view of the structure of the collar as 
seen in a cross section prepared by flattening the collar into its ribbon form, and 
cutting across its width (Fig. 1A, V.T.S.). 

TANGENTIAL SECTION. An internal view of the collar prepared by flattening 
it into its ribbon form and cutting longitudinally through the ribbon parallel to 
its face and through its thickness (Fig. 1A, Tgt. S.). 

APICAL AND BASAL MARGINS. The thin lamellate upper and lower edges of a 
collar resting in its natural position. 

ACAPSULAR. The parts of a collar devoid of capsules, e.g., the apical and basal 
margins of some egg collars. 

EGG CAPSULE. A small spherical cavity in the collar containing a gelatinous 
substance which surrounds the maturing embryo. 


EXTERNAL FEATURES 


In general the egg collars of the Naticidae are erect structures which re- 
semble obtuse truncated cones, formed by a spiral sandy ribbon standing on edge 
(Fig. 1A). These | athery ribbons are usually less than 3 mm. thick, and of 
varying height (up to 90 mm.) and length (up to 500 mm.); they usually con- 
tain a single layer of egg capsules arranged in more or less regular rows (Fig. 
2(3)). 

Close inspection shows that the ribbon is composed of a gelatinous matrix, 
or collar jelly (Fig. 1B, Col. Jel.), with embedded sand grains surrounding the 
contained egg capsules or “egg spaces” (Thorson, 1946). 

The egg collars of the Naticidae can be grouped into two main types depend- 
ing on the characteristics of their walls. First, those possessing thick (up to 
3 mm.) and erect walls (up to 60 mm. in height), which slope gently to their 
apical margins (Fig. 1A, 5); and secondly, those whose walls are thin (usually 
under 1.5 mm.) and proportionally high (up to 85 mm.). In the latter type, 
owing to the lack of rigidity, the walls collapse and in profile assume a character- 
istic sigmoidal curvature (Fig. 9). 

The distinction between rigid, e.g., P. triseriata, and flexible, e.g., P. heros, 
walls cannot be determined solely by measuring the thickness of the collar, for 
it is dependent on the ratio between thickness and width or height for the egg 
mass of any given species. As a general rule collars possessing rigid walls have 
the egg capsules clearly defined and visible to the naked eye, while collars with 
thin flexible walls have egg capsules which are smaller, more numerous, and 
usually invisible even when the collar is held up to the light. 
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Another feature distinguishing these two types of egg collars is the distribu- 
tion of the egg capsules in the nastriform wall. With the exception of P. catena, 
egg collars with rigid walls possess a well defined strip along the apical and 
basal margins, devoid of egg capsules, e.g., P. triseriata. These acapsular margins 
taper to form a sharp lamellate edge (Fig. 1A). In collars with flexible walls the 
egg capsules are distributed throughout the collar right up to the apical and 
basal borders, e.g., P. heros, which are rounded rather than being drawn to the 
sharp edge characteristic of the acapsular margin. 

Both divisions, based on the presence or absence of rigid walls, can be 
further subdivided into two groups depending on the characteristics of the basal 
margins of the collar (Fig. 13). These may be either regular and smooth, as in 
P. heros (Fig. 9(7)), or broken by folds which give it a scalloped appearance, 
as in P. duplicata (Fig. 9(9) ). The apical margin is always regular and smooth. 





Tgt. S. A. 


Ficure 1A. Typical egg collar, with parts of its wall cut to show the egg capsules in 
tangential and vertical trans-section. B. Small segment of the walls of the collar showing 
internal features. C. The egg capsule. 

Ap. Ac. Mr., apical acapsular margin; Bs. Ac. Mr., basal acapsular margin; Cap. Jel., 
capsular jelly; Col. Jel., collar jelly; Eg. Cap., egg capsule; Em., embryo; Pel., external 
gelatinous pellicle; §. Gr., sand grain; Tgt. S., tangential section; .T.S., vertical trans- 
section. 
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INTERNAL FEATURES 


If a thin vertical trans-section of the collar (Fig. 1A, 1B, 6, 8, 10) approxi- 
mately one capsule thick is examined under a microscope, the following features 
will be seen. 

(a) A thin (5-10u) hyaline outer pellicle of mucin rests closely over the 
external surfaces of the collar (Fig. 1B). This gelatinous pellicle is found only in 
freshly-laid egg masses and is lost within the first week after spawning. The 
presence of this layer imparts to the new egg mass an outer sheen and smooth 
viscid texture. 

(b) Underlying the pellicle there is a clear gelatinous mass in which are 
embedded particles of fine or coarse sand, and in some cases bits of shell. The 
nature of these inclusions depends on the composition of the substratum in 
which the particular collar is formed. The sand grains are closely cemented 
together by the matrix or collar jelly (Fig. 1B) and together these form the bulk 
of the egg mass. The incorporation of sand provides for a rigid wall to support 
and contain the egg capsules in many spheroidal chambers. 

The egg capsules show inter- and intra-specific variations in size. In some 
cases they are no bigger than a sand grain and likely to be completely or partially 
surrounded by matrix jelly; but where the capsule is large, the egg space is formed 
by a “flag-stoned” chamber of sand grains cemented together and coated on the 
inside by a layer of collar jelly (Fig. 6, 8, 10). The sand grains are embedded 
throughout the collar and not limited to the periphery as suggested by some of 
the earlier observers. 

In collars where the egg capsules are large, the walls of the egg case form 
prominent bulges over each egg space, while in those with small capsules, the 
walls are smooth and give no external indication of their capsular contents. 

When collars with rigid walls, with the exception of those of P. catena, are 
viewed in vertical trans-section ( Fig. 6, 8), the two extremes of the section, 
corresponding to the acapsular apical and basal margins, are seen to taper to a 
sharp edge. In collars with flexible walls (Fig. 10) the extremes of the section 
are smooth and round off around the terminal egg capsules. 

(c) THE EGG CAPSULE. The distribution, size, shape and contents of the egg 
capsules vary depending on the species of the parent whelk; however, the 
structure of the capsule is basically similar for all types of collar. The capsule 
may be spherical, but more often it possesses three distinct diameters, being 
oval in vertical trans-section and circular in tangential section. In a vertical trans- 
section of the collar, the capsules usually form a monolayer, while in tangential 
section they are closely packed, and are usually arranged with a degree of sym- 
metry described as quincunxial by Rogers (1934). 

A typical egg capsule is a spheroid mass of clear jelly contained by a 
strong and thin membrane or pellicle (Fig. 2(1a)). The capsular pellicle or egg 
cover (Lebour, 1937) rests in close contact with the surrounding collar jelly and 
sand; but the capsule is not an integral part of that system and can be dissected 
out very easily. The stout capsular pellicle encloses a sphere of clear jelly, which 
in a newly formed collar completely fills the capsule. This capsular jelly, which 








Ficure 2(1) Diagrammatic representation of the changes in the capsular jelly as the 
embryo develops: (a) capsule containing a gastrulating embryo; (b) capsule containing a 
veliger larva; (c) capsule containing a post-veliger larva. 

(2) Maternal snails and the collars they produced; P. heros and P. triseriata. 

(3) Egg collar showing disposition of the egg capsules. 

Cap. Jel., capsular jelly; Cap. Pel., capsular membrane or pellicle; Em., embryo; Vlg., 
veliger larva; Vlg’., post-veliger larva. 
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surrounds the developing embryo (Fig. 2(la)), is the “white” substance of 
Thorson (1936) and the “albuminous” layer of Lebour (1937). 

The egg, and later the embryo, is surrounded by a thin egg membrane which 
separates it from the capsular jelly. 

Typically, the capsular pellicle remains distended by the capsular jelly until 
after gastrulation (Fig. 2(1a)). By the time the young embryo develops its first 
unwhorled horny shell and possesses a velum, the capsular jelly is greatly re- 
duced and in preserved specimens appears as a white, opaque and hemispherical 
sediment occupying less than half of the capsule, and may or may not surround 
the developing embryo (Fig. 2(1b)). When the larva has developed a small, but 
well formed calcareous shell, and its velum is reduced or lost, the capsule is 
represented only by the thin capsular pellicle, sometimes containing traces of 
capsular jelly, and usually partly collapsed (Fig. 2(1c)). This stage is attained 
immediately prior to larval emergence from the collar, e.g., P. josephinia. 

Capsular jelly in the egg collars of the intertidal species of the Naticidae 
plays an important role in conditioning the release of the hatching larva from the 
egg mass. 


THE CONSTRUCTION OF AN EGG COLLAR 


There is no detailed description in the literature of the manner by which 
snails of the family Naticidae construct their egg masses. 

The process of spawning for various gastropods has been studied by Lund 
(1834), Cunningham (1899), Lamy (1928) and Andrews (1933, 1935); Dulzetto 
(1950) gives an excellent review of the literature on this subject, but the re- 
corded evidence applies only to those marine gastropods which lay masses of 
separate egg capsules, and though all may be glued together to form one aggre- 
gate, each component egg capsule is produced singly. Whereas the egg capsules 
in a naticid egg collar are produced without interruption until the collar is 
completed, and are all contained within the same continuous medium formed by 
the collar or matrix jelly. 

To date, the complete act of collar formation in the Naticidae has passed 
unobserved. The purpose of the present description is to piece together individual 
observations made on the spawning snails and advance a detailed though partly 
hypothetical description of the manner of collar formation. 

It is especially difficult to give an account of collar formation in the Naticidae, 
because it takes place below the surface of the flat, when this is covered by the 
tide. If the whelk has not burrowed too deeply in the substratum, its progress 
can be observed from the surface by a slight bump in the sand; however, any 
attempt to expose the snail causes it to retract immediately into its shell, and 
cease all activity for a prolonged and varying period. Cessation of oviposition 
may last from a few days to a month or more, especially if the spawning whelk 
is removed from the flat and placed in an aquarium. 

The Naticidae seem to be under no physiological compulsion to finish an 
egg collar once spawning has begun (Giglioli, 1949; Thurber, 1949): this 
increases the difficulty of observing collar formation in vitro. 
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The whelks will produce collars in aquaria containing sand, which are 
similar in all respects to the egg masses recovered in nature (Hertling, 1932; 
Giglioli, 1949). They will also spawn in aquaria in the absence of a loose sub- 
stratum, but the resulting egg masses are usually shapeless gelatinous fragments 
of uneven thickness (Fig. 4(2, 3) ). 

Collar production by the intertidal species is completed in 10 to 14 hours 
and involves one high water period. 

Spawning is more vigorous when the moon is new or full (Wheatley, 1947) 
and when the low water periods occur in the twilight hours in the morning or 
evening. It is low after storms, or when the moon is in its first or third quarter, 
or when low water periods occur at midday or midnight (Giglioli, 1949). 

It has been suggested that naticid egg collars assume their characteristic 
shape by being secreted and moulded inside the mantle cavity, and extruded from 
the aperture of the shell. This assumption is untenable because the collar is 
usually wider than the aperture of the maternal snail’s shell. The average reading 
for 39 observations made in this respect on P. triseriata showed the ratio for the 
height of collar to aperture to be 1.6/1. Furthermore, collar formation within the 
pallial cavity would not account for the inclusion of sand grains within the collar. 

Stinson (1946) and Wheatley (1947) suggested that the folded foot supplied 
the whole moulding surface. This view is now untenable and, though the foot 
of these whelks is glandular, there is no “nidamental apparatus” as described in 
Murex by Pelseneer (1910). 

Rogers (1934) describes the egg collars of the Naticidae thus: “The eggs 
are laid in a sticky mass of clear jelly which is moulded over the shell; this 
explains its peculiar shape. There is but one layer of egg capsules, arranged in 
regular quincunx order. A layer of fine sand covers each side of the collar, making 
it about the thickness of an orange peel. While this remains in water, the mucus 
is rubber-like and the eggs are safely concealed under the protective film of 
gray sand. Cast ashore, the collar becomes dry and brittle.” 

The observations made on the intertidal whelks P. triseriata and P. heros 
(Giglioli, 1949, 1952) show that the descriptions of collar formation given by 
Rogers and by Miner (1950) are correct, though somewhat sketchy. 

Collar formation has three characteristic phases: the initial stage begins at 
low tide on the surface of the flat (Fig. 3A, B). The secondary stage, that of 
actual collar moulding (Fig. 3C-H), commences with the flood tide, and, if the 
collar is to be normal in shape and structure, can only take place when the sub- 
stratum is covered by water. This latter stage is carried out under the surface of 
the flat at a depth of two to four inches. The third and final phase of collar 
formation (Fig. 81, ]) is concerned with “trimming” the collar and bringing it to 
the surface of the flat during the ebb tide following that of commencement. 


THE MECHANICS OF COLLAR FORMATION 


THE INCIPIENT STAGE OF COLLAR FORMATION (Fig. 3A, B). This is observed 
on the surface of the flat when the ebb tide is nearing dead low water. The snail 
lies on its side with its foot fully extruded and folded along its mid-longitudinal 
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axis. From the anterior end of the trough-like cavity, formed by the plicated pro- 
and post-podium, a mass of clear mucin emerges and is dispersed into long 
festoons by the water movement (Wheatley, 1947). 

At this time the whelk is almost insensitive and can usually be handled 
without risk of evoking pedal retraction (Thurber, 1949; Giglioli, 1949). 

The extruded jelly is a precursor of the matrix or collar jelly; it is a pedal 
secretion produced mainly by the goblet cells of the propodium. 

With the commencement of the flood tide the snail becomes active, and 
burrows into the flat leaving its gelatinous extrusions on the surface. Having 
burrowed to a depth of two to four inches, there appears to be a period of 
quiescence before actual collar moulding commences. At this stage the snail 
usually becomes inaccessible owing to the incoming tide. 

THE SECONDARY STAGE, COLLAR MOULDING (Fig. 3C-F). The burrowed snail 
lying two to four inches deep, depending on its size and species, comes to rest on 
its side with its spire directed towards the surface. In this position it moves in 
a clockwise direction along a circular route of varying radius, forcing its way 
through the substratum. 

Snails uncovered whilst performing this circular movement have been ob- 
served with portions of extruded and partly sanded collars, resting between their 
shell and the substratum. The foot of the whelk, which is partly reflexed over 
the outer surface of the shell, limits the collar along its apical and basal margins. 
This arrangement allows the inner and outer surfaces of the collar to be moulded 
against the shell and the environment, respectively; while the apical and basal 
borders of this mould are provided by the reflected postpodium (Fig. 3C-E). 
The frontal “apron” or sub-tentacular fold of the propodium forms the leading 
edge of the mould and produces the bulk of the collar jelly which, on passing 
backwards over the pallial edge as the snail advances, receives the genital 
secretions. 

The capsular jelly surrounding the ova does not possess the same physical 
properties as the collar jelly and, as suggested by Pelseneer (1910) for Lacuna 
and Nassa, is probably a product of the glandular walls of the oviduct. 

In collars formed in the absence of sand (Fig. 4(2, 3) ) it was noted that the 
egg capsules were grouped very tightly, suggesting that, at the time of collar 
formation, when the pedal secretions meet the genital secretions the latter are 
of a greater density than the collar jelly, and when first submitted to the pressure 
of moulding the spherical egg capsules align themselves in a monolayer with 
each capsule in intimate contact with those surrounding it. 

The two jellies are extruded against the shell of the snail as it progresses 
along its clockwise path through the substratum. The advancing shell forces the 
gelatinous mass against the sand and at the same time forces sand into the jellies 
which, under this pressure are “rolled” into a nastriform monolayer of egg 
capsules. The sand grains penetrate the gelatinous ribbon, forcing apart the 
elastic egg capsules and becoming lodged in the matrix jelly to form the well 
defined intercapsular septa of the finished collar. The sanded gelatinous ribbon, 
so formed, remains static while the moving shell, acting as the “master mould”, 
continues along its circular route building the collar as it progresses. 
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The process of normal collar formation can only take place if the environment 
is denser, within certain limitations, than the extruded jellies. This necessity 
explains the coincidence of collar formation and the high water period. Wet sand 
not covered by water is too dense for collar formation, and though the snail can 
progress through wet sand, the collar produced is fragmented owing to the high 
degree of environmental resistance. The presence of water coverage, usually 
provided by the high tide period, is necessary because it reduces the density of 
the substratum and allows the snail to move freely without damaging the delicate 
jellies. On open flats this requires that the maternal snail should bury itself deeper 
than the area of interfacial turbulence where the substratum will be too loose 
for moulding the collar. 

In egg collars with acapsular margins the margin is formed by the apical 
and basal border of the egg ribbon being held between the reflected foot and 
the shell, thereby excluding the egg capsules from these “pinched off” borders. 

Figure 3, diagrams C-E, demonstrates the moulding of the collar as would 
be observed if the whelk was exposed and studied in situ. The arrows indicate 
the direction of clockwise movement and the diagrams portray various steps in 
the formation of the collar, showing the progressive movement of the female, 
and the collar being left posteriorly after being guided over the shell by the 
expanded and reflected postpodium. 

Diagram F demonstrates how, by apposition against the shell, the collar 
assumes its typical shape. 

The facts that shell whorling, direction of movement during oviposition, and 
direction of collar formation are always in a clockwise direction in the Naticidae 
are illustrated in Figure 3G. Figure 3H shows what would have to be the case 
if egg collars were moulded ina similar fashion to that described, but were pro- 
duced by a maternal snail whose shell was whorled in an anti-clockwise direction. 

TERTIARY OR TERMINAL PHASE OF COLLAR FORMATION (Fig. 31, J). This stage 
takes place at the low water period following that of the incipient phase, and 
thus may be easily observed on the flats. 

Once the snail has finished the basic structure of the collar and left behind 
a grey ribbon containing the egg capsules surrounded by the matrix and the 


Ficure 3. Collar formation 

A, B. Incipient phase, occurring on the surface of the flat during low tide. The foot is 
folded and gelatinous festoons are extruded from the pro-podium. Lateral and ventral views. 

C,D. Secondary stage of collar formation. The buried snail moulding the extruded jellies 
between its shell and the substrate as it progresses along a circular path. 

E, F. Lateral aspects of the collar and the shell, showing the manner in which the collar 
is moulded. 

G,H. The relationship between direction of movement, direction of collar formation and 
the dextral or levo-rotatory whorling of the shell of the parent snail. 

I, J. Definitive and emergent phase. The snail circles the collar once more along a spiral 
path, simultaneously applying a thin peripheral layer of jelly around the collar and forcing it 
to the surface. 


Col., collar; Col. Jel., collar jelly; Eg. Cap., egg capsule; Ft., foot; Po. Pd., post-podium; 
Pr. Pd., pro-podium; Sh., spire of shell. 








298 


embedded sand, the whelk commences recircling the buried collar in a clockwise 
direction, but as it does this it passes around the width of the egg mass along a 
spiral path (Fig. 31). 

The propodium is expanded and acts as a “finishing tool”, smoothing the 
exterior of the collar, adding and pressing in more sand when this is needed, and 
secreting from the pedal glands the thin pellicle of hyaline jelly which binds the 
collar until the matrix jellies have hardened. Within a week of collar formation 
the pellicle, having served its purpose, is usually lost by erosion. 

As the whelk progresses spirally around the collar secreting the gelatinous 
pellicle, it simultaneously lifts and tilts the collar every time it passes beneath it 
(Fig. 3J). This activity loosens the sand around the egg case, and slowly forces 
the collar to the surface of the flat to expose it to a habitat suitable for embryonic 
development. As soon as the collar is resting on the flat, the snail usually burrows 
and travels in a straight line away from the newly formed egg case. 


THE SIGNIFICANCE OF THE JELLIES THAT COMPOSE THE COLLAR 


The three types of jelly in the egg collars of the Naticidae appear to differ 
in origin and function. 

THE PERIPHERAL PELLICLE. This thin layer of jelly is applied to the exterior 
of the collar during the terminal phase in collar formation and serves as a binder 
while the collar jelly “sets” around the embedded sand grains. It originates from 
the mucin glands of the foot. 

THE COLLAR OR MATRIX JELLY. This supplies the supporting structure of the 
collar by surrounding the egg capsules and binding together the embedded sand 
grains which provide rigidity to the collar. The matrix jelly protects the egg 
capsules from mechanical damage during embryonic development; it also plays 
a small part in controlling the aqueous contents of the collar, and in preventing 
the passage of liquids or substances in solution in and out of the egg mass. It is 
formed by secretions from the mucin glands of the propodium and sub-tentacular 
fold. 

THE CAPSULAR JELLY. In collars with large capsules and rigid walls, such as 
those of P. triseriata, the capsular membrane contains a large hyaline gelatinous 
sphere which surrounds the embryo in the living egg mass. In collars with small 
egg capsules and flexible walls, such as those of P. heros, the capsular content is 
small and is composed of a liquid or semi-gelatinous medium in which the 
embryos float. 

Thorson (1946) observed that “In some species the embryo will feed on the 
slime in which it is embedded, while in other cases the slime is only of value 
as a protecting layer”. Embryos which feed on capsular jelly are usually found in 
those collars having large capsules. Typically such a capsule contains a single 
heavily yolked egg, surrounded by a large quantity of capsular jelly. In this type 
of egg capsule, embryonic development is usually direct with no pelagic larval 
stage (Thorson, 1936). 

The prime function of the capsular jelly, especially in collars possessing 
large capsules containing one embryo which undergoes direct development, is 
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nutritive. Its suggested albuminous nature remains unsubstantiated, though the 
fact that it forms a milky white precipitate (Fig. 4(4)) with common preserva- 
tives and fixatives suggests a protein structure. 

Apart from the nutritive functions, in egg collars of intertidal species of 
Naticidae, the capsular jelly controls the aqueous contents of the collar and 
prevents desiccation during the low water period. Furthermore, in the collars of 
P. triseriata the capsular jelly and membrane appear to control the ionic balance 
between the pre-gastrula embryo and sea water, with which the early embryo 
is not isotonic (Giglioli, 1949). 

In collars possessing large capsules a progressive change in either the optical 
properties and colour, as in P. triseriata, or in the quantity of capsular jelly, as in 
P. josephinia, can be noted as the embryo develops. These changes may also 
occur in collars with small capsules, but are not as clearly manifested. In the 
capsules of P. heros little change in the capsular fluid can be detected, while in 
those of P. duplicata there is a progressive decrease in the amount of capsular 
jelly present as the embryo develops. 

In the egg masses of the intertidal species of the Naticidae (P. heros, P. 
duplicata and P. triseriata) the changes in the capsular jelly, conditioned by the 
developing embryo, progressively diminish the ability of the collar to withstand 
desiccation. By this device, when the larvae are mature and the capsular jelly 
exhausted, the collar has become so weakened that it crumbles under wave 
impact during the incipient flood tide and releases its larval contents. The pro- 
cess of crumbling is brief and usually completed within two or three tidal cycles. 

This method of larval release, conditioned and controlled by the developing 
embryo, is peculiar to the collars of the intertidal species and differs from the 
manner of larval release in the egg masses of the deep water species of Naticidae, 
which hatch by boring through the capsular walls (Thorson, 1935). 

With aging, a collar loses its ability to withstand desiccation; furthermore, 
a collar with small capsules cannot withstand the same degree of desiccation as 
one with large capsules. Thus on intertidal flats the egg cases of P. heros are 
always distributed seawards of those of P. triseriata and, if collected and placed 
near the high tide mark with the collars of P. triseriata, they dry up and crumble 
after a few exposures at low tide (Giglioli, 1949). 

The small capsular contents of the collars of P. heros cause the collar to 
crumble within one to three weeks after formation (Stinson, 1946; Wheatley, 
1947; Giglioli, 1949) depending on its location on the flat and the month of the 
year. The inability to withstand desiccation, and the small quantities of reserve 
food material, reduce the intra-capsular development of P. heros which results in 
the release of a pelagic larva. In the collar of P. triseriata intra-capsular develop- 
ment lasts from five to seven weeks (ibid.) with the release of a large, well- 
formed semi-planktonic, or more often, benthonic larva. 

The period of intra-capsular development in the egg collars of intertidal 
Naticidae is dependent on the quantity of capsular jelly present and the prevailing 
meteorological conditions at the time of collar maturation. 


The collar jelly appears to be a genital secretion, possibly from the expanded 
glandular chamber of the lower oviduct (Giglioli, 1949). 
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IMPERFECT EGG COLLARS RECOVERED IN NATURE AND FROM AQUARIA 


Imperfect specimens of the thin-walled egg collars of P. heros have never 
been observed by the writer on the intertidal flats, though one specimen was 
recovered in 1947 by Medcof at Pinette, Prince Edward Island (Fig. 4(1’) ). It is 
probable that the rare occurrence of imperfect P. heros collars in nature is due 
to the more seaward distribution of this species on the flats, which permits longer 
periods of tidal coverage, and thus a longer period for collar formation. Simi- 
larly the deeper burrowing habits of P. heros ensures that collar formation takes 
place away from the zone of interfacial turbulence. Both of these factors would 
tend to prevent the production of imperfect collars. 

Imperfect specimens of the rigid walled collars of the truly intertidal whelk, 
P. triseriata (Fig. 4(4’)) were first recovered in nature by Stinson (1946) who 
described them thus: “An occasional collar was found in which the snail had not 
secreted sufficient sand; the clear jelly of the capsules was visible and the eggs 
within”. From similar specimens collected on the flats at Belliveau Cove, Nova 
Scotia, (Giglioli, 1949) the following observations were made: 

(a) All the collars recovered were newly formed and often still in close 
association with the maternal snail. 

(b) If complete, these egg masses had the characteristic shape of the normal 
collar (Fig. 4(4’) ). 

(c) Some were completely “sanded” though the embedded sand was 
sparse, leaving the collar semi-transparent. Others were well supplied with sand, 
but this was limited in its distribution, usually being located around the apical 
margins of the collars. 

(d) Others were incomplete, and some were mere fragments with thick 
localized deposits of sand, often forming ridges. In some specimens the egg 
capsules were deposited two or more layers deep. 

(e) In all specimens, though freshly spawned, the thin layer of peripheral 
jelly binding the extezior of the collar was lacking. 

Considering the manner of collar formation, it seems probable that these 
malformations were caused by either or both of the following: 

(a) That the maternal snail was insufficiently buried in the sand and thus 
in the area of interfacial turbulence, where the substratum was too unstable to 
present a dense enough medium for the sand to become embedded in the collar 
matrix. 

(b) That the female was “caught short” by the falling tide (as stated earlier, 
submergence in water is necessary for normal collar formation). That is, collar 
formation started too late and the increasing density of the damp sand forced the 
snail to the surface before completing it. This, accompanied by the setting of the 
matrix jelly, resulted in poor infiltration of sand grains. 

The lack of the external pellicle which is produced in the terminal phase 
of collar formation strongly suggests the latter alternative as most likely. 

Gravid P. heros females were placed in concrete tanks (3 ft. deep) at St. 
Andrews, New Brunswick, (Giglioli, 1949) and allowed to spawn. The tanks 








Ficure 4. Imperfect egg collars produced in aquaria or recovered from nature: (1) egg 
mass of P. heros collected at Pinette, P.E.1.; (2,3) egg masses produced by P. heros in aquaria 
in the absence of a loose substratum; (4) egg mass of P. triseriata collected at low tide at 


Belliveau Cove, N.S. 
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were supplied with running sea water but devoid of loose substratum. The im- 
perfect egg masses formed under these conditions (Fig. 4(2’, 3’) ) were in sharp 
contrast to the normal egg collars produced in similar tanks possessing a sandy 
substratum; they were shapeless, with the capsules packed very tightly within 
the irregular confines of the matrix jelly and often possessing thickened areas 
formed by two or three layers of capsules. 

Of the four imperfect P. heros egg masses studied, three produced in aquaria 
and one recovered from the flats, there were striking differences in the size and 
embryonic contents of the egg capsules of each collar (Fig. 4(1-3)). The 
average number of embryos per capsule (average of 20 capsules taken at 
random from each collar) was 8, 13, 29 and 84 for each collar respectively. 
The average diameter of the capsules in these collars was 630u, 670u, 1250u, and 
1260u (Giglioli, 1949). 

No explanation can be given for these variations especially for the forms 
produced in aquaria, which were spawned by parents from the same locality and 
of similar size. The collar recovered from Pinette (Fig. 4(1)) which possessed 
the largest capsules and highest embryonic contents may be the product of an 
older P. heros. These older and larger forms are usually distributed below the 
low tide mark in deep water, and produce larger collars with larger capsules of 
greater embryonic content than the younger intertidal forms of this species. 


THE EGG COLLARS OF CERTAIN NATICIDAE 


The egg collars of Polinices triseriata, P. catena, P. josephinia, P. heros, P. 
lewisi and P. duplicata are described herein, together with the three naticid 
egg masses, Collars A, B and C of unknown parentage, recovered along the 
Canadian Atlantic seaboard (Fig. 12). These egg collars have been grouped 
into two main divisions, depending on the presence of rigid or flexible walls, and 
each of these categories has been further broken down into two subdivisions 
based on the presence or absence of a plicated basal margin. These characteristics 
have been found to be constant for all the collars examined from the species 
considered herein. 

An attempt has also been, made to fit the egg masses of previously described 
species of Naticidae (Ankel, 1930; Hertling, 1932; Thorson, 1935, 1940 and 1946) 
into this scheme of classification (Fig. 13). 


Division I. Egg collars possessing thick and rigid walls ( Fig. 5-8) 


SUBDIVISION A. Egg collars possessing a smooth basal margin (Fig. 5, 6) 


Polinices (Euspira) triseriata Say 1826 


(=Lunatia heros var. triseriata, Natica triseriata, Lunatia triseriata) 
(Fig. 5(1), 6(1)) (Giglioli, 1949, p. 72) 


RECORDED DISTRIBUTION. Gulf of St. Lawrence to North Carolina. 
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The egg collars of this species though found throughout the intertidal region 
are concentrated about the half-tide mark and are more abundant on muddy, 
rather than hard-packed sandy flats. 

In the Bay of Fundy and St. Mary Bay, Nova Scotia, collar formation com- 
mences in June and continues until late August, with peak production occurring 
in July. 

the egg collars are medium-sized: width 10-25 mm., basal length 42-85 
mm., thickness about 1 mm. (Table I), and show considerable variation of shape 
and size throughout the spawning season. Collars laid at the beginning of the 
summer are erect conical structures with gently sloping walls, bordered by well- 
defined and vertical, apical and basal acapsular margins (Fig. 5(1)). At the 
end of the season, smaller and flatter collars with ill defined acapsular margins 
appear on the flats. These are probably produced by young snails just reaching 
maturity. 

The egg capsules are large (850 by 1150u) and can be seen through the 
collar walls, which bulge prominently over each capsule. Vertical trans-section 
of the collar (Fig. 6(1a, b) ) shows that the egg capsules are arranged in a single 
layer, each usually containing one large egg, though two, and even three, eggs 
have occasionally been found in one capsule (Stinson, 1946). The capsules are 
oval when viewed in vertical trans-section and circular in tangential section. 

The fertilized egg is a spherical, or slightly oval, yellow body about 350u in 
diameter, suspended in the clear and firm capsular jelly. Within the first day 
after collar formation, the egg undergoes cleavage which can be clearly followed 
until the eight-cell stage is reached. After this, division becomes irregular and 
during the second or third week a multicellular structure composed of a small 
apical plate surmounting six to eight large basal cells can be distinguished. 

The next easily identifiable stage in development is marked by the appear- 
ance, in the fourth to fifth week of incubation, of a veliger larva possessing a 
horny yellow shell, approximately 350u long with a lateral indentation at the 
point of incipient dextral whorling. This veliger develops until the shell is 500u 
long and possesses 1 to 1% whorls. Its soft parts are differentiated into two small 
spatulate tentacles, two small velar lobes, two very small eye spots, a large 
pointed post-podium and an oval operculum which completely occludes the 
shell aperture when the foot is retracted (Fig. lla). At this stage of development 
(4th-6th week) the capsular jelly has turned into a slightly opaque yellow 
fluid in which the veliger larva actively swims. 

In the 1949 season at Belliveau Cove, Nova Scotia, the collars of P. triseriata 
crumbled at this stage of embryonic development with the release of a plank- 
totrophic larva. Owing to the large size (500u) and weight of the larva’s shell 
and foot in proportion to the small velar lobes, the 1949 and 1950 emergent larvae 
were incapable of rectilinear movement and showed a characteristic rotary 
motion, which while succeeding in keeping the larva in suspension, did not 
allow directional migratory movement, thus leaving larval distribution to tidal 
agencies. 

As the collars crumbled during the flood tide, the larvae of P. triseriata at 
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Ficure 5. Lateral and apica¥ views of egg collars with rigid walls, apical and basal 
acapsular borders and smooth margins: (1) P. triseriata; (2) P. catena; (3) unidentified 
Canadian sp. A. 


Belliveau Cove were usually carried inshore and deposited near the high tide 
mark. This conclusion was supported by the poor recovery of larvae in plankton 
tows taken offshore, outside the intertidal areas populated by this species 
(Giglioli, 1952), and by the occurrence along the high tide line of those snails 
which in terms of size frequency distribution represent the young (under 4 mm.) 
and immature section of the adult population (Stinson, 1946; Wheatley, 1947; 
Giglioli, 1949, 1952). 

Though this larva has been recovered in plankton drags, there is no further 
development of the velum after emergence, and observations made in vitro 
suggest that its pelagic life is short and probably lasts only a few hours in nature. 
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Ficure 6. Vertical trans-section of collars, and the shells of the emergent larvae from 
collars with rigid walls and smooth margins: (1) P. triseriata; (2) P. catena; (3) unidentified 
Canadian sp. A. 


Ap. Ac. Mr., apical acapsular margin; Bs. Ac. Mr., basal acapsular margin; Cap. Jel., 
capsular jelly; Col. Jel., collar jelly; Eg. Cap., egg capsule; N. Cl., nurse cell; Vlg., veliger 
larva. 


For these reasons it has been termed “semi-planktonic” (Giglioli, 1949) to dis- 
tinguish it from the truly pelagic veliger larvae of other Naticidae. 

In contrast to the previous observations, Stinson and Wheatley recorded that 
during the 1946 and 1947 seasons, the P. triseriata larvae underwent further intra- 
capsular development and emerged as purely benthonic forms. Stinson described 
this larva as possessing a large red-brown shell (800-1000u long) with 1% inch 
whorls and a deep umbilicus. He further noted the loss of the velum by the 
time of emergence and the presence of a large and active foot with which the 
larva burrowed into the substratum on emerging from the collar, and stated that 
they commenced feeding on spat sized clams (Mya arenaria) by drilling, a few 
hours after emergence. 

From these observations it has been concluded that the period of intra- 
capsular development varies from five to seven weeks, depending on the month 
of collar formation and the meteorological conditions prevailing at that time 
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in the locality under consideration. If the summer season is cool and rainy as it 
was in 1946, intracapsular development is longer and culminates in the release of 
a benthonic form, whereas, when the season is hot and dry, as the summer of 
1949, intracapsular development is reduced and the emergent larvae are semi- 
planktonic. 

It is probable that both larval forms occur each season, but depending on 
climatic conditions (i.e., those causing desiccation of the collar at low tide) one 
type will predominate in the larval population. 


Polinices (Euspira) catena (Da Costa) 1778 


(=Lunatia catena, Natica catena, Natica molinifera) 
(Fig. 5(2), 6 (2)) (Ankel, 1930, p. 129; Thorson, 1946, p. 220) 


RECORDED DISTRIBUTION. Kattegat, North Sea, English Channel, Irish Sea, 
Bay of Biscay, Spain, Portugal and Northern Mediterranean. 

The egg collars of P. catena are found at and below the low water mark of 
spring tides. 

The first recorded observations on the egg collars of this species were made 
by Jeffreys (1867) and since then they have been described and figured by 
Ankel (1930) and Thorson (1946). Hertling (1932) compared their external 
features and measurements with the egg masses of P. nitida (N. pulchella); 
while Thorson (1946) and Lebour (1936) described and figured respectively the 
emergent benthonic form and possible pelagic form of the larva of this species. 

The large collars of P. catena described herein were collected at Dawlish, 
England, by Wilson in April 1951; the small collars were collected at Blovandi 
Hok, Jutland, by Bondesen in July 1952. 

There is considerable variation in the size of the egg masses: width from 
22-38 mm., basal length 82-170 mm., thickness 1.5-2.2 mm. (Table I); the 
largest collar on record is 45 mm. wide, with a basal length of 160 mm. (Lebour, 
1936). The shape varies from erect structures with straight sides sloping gently 
to the apical margin (see Ankel, 1930, fig. 2) to truncated cones formed by 
curved walls which arise concavely from the basal margin and flare convexly to 
the apical margin (Fig. 5(2)). , 

Irrespective of size and shape, the collars are thick (1.5-2.2 mm.) and 
contain large (1425 by 1925) spherical egg capsules, which bulge prominently 
through the walls. 

In vertical trans-section (Fig. 6(2)) the collar is formed of a single layer of 
egg capsules containing 2-4 eggs (3-4 Ankel; 1-2, 2-3 Thorson) and numerous 
nurse cells (50 Ankel, 25-110 Thorson) suspended in the semi-gelatinous capsular 
jelly or albuminous layer of Ankel (1930). The egg capsules form a continuous 
layer from the apical to the basal margin of the collar, there being no apical or 
basal acapsular margins. 

Thorson (1946) describes the emergent larva as being non-pelagic in Danish 
waters, and though he admits the possibility and probability (Thorson, 1950) of 
a pelagic form existing in the warmer waters of the English Channel, he suggests 
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that Lebour’s (1936) tentative identification of the inshore pelagic Naticid 
(Euspira) larva as that of P. catena, is probably a mis-identification of the larva 
of Polinices montagui. The larvae (Fig. 6(2c)) recovered from collars (preserved 
in alcohol) collected at Dawlish, correspond in all respects to those figured by 
Thorson (1946) and were found in capsules emptied of nurse cells and sur- 
rounded by a clear fluid. 

Although nurse cells are known to occur in other Gastropods, such as 
Buccinum (Portmann, 1925, 1926) the method evolved by P. catena to ensure 
direct development by employing large capsules possessing copious quantities 
of capsular jelly and nurse cells as food, remains unique among the Naticidae 
whose embryonic development is known. 

Similarly the collar of P. catena is unique, in as much as it is difficult to fit 
it into the present scheme of classification. It rightly belongs to the division 
characterized by rigid walls and large egg capsules; but, it differs from the 
collars of other species which constitute this category (Fig. 13, 14) in possessing 
egg capsules which always contain more than one embryo, and lack apical and 


basal acapsular margins (Fig. 6(2b) ). 


Canadian species A 
(Fig. 2(3), 6(3)) (Giglioli, 1952, pp. 13, 18) 


RECORDED DISTRIBUTION. Egg masses of this species were recovered from the 
Canadian Atlantic seaboard off Digby Gut, Nova Scotia (20-7-1950); from St. 
Ann Bay, Cape Breton (24-7-1951); from Richibucto Bank, New Brunswick 
(13-7-1951, 2-6-1952 and 1-7-1953) and from Orphan Bank, Gulf of St. Law- 
rence (21-7-1949). See Figure 12. 

These collars were recovered from Danish seine trawls or in scallop drags 
made in deep waters, 14-45 fathoms. 

The egg collars of this species are the largest in this Division: width from 
35-57 mm., basal length 172-315 mm., thickness 2.5-3.4 mm. (Table I). They 
show little variation in shape and size. They form truncated cones with thick 
rigid and straight sides, sloping either gently or steeply (Fig. 2(3), 5(3)) to the 
wide acapsular apical margin. Both apical and basal acapsular margins are 
present and form a continuous marginal lamella throughout the length of the 
collar. 

The egg capsules are large (1910 by 3202) and the collar walls may be 
smooth or bulge prominently over each capsule; in the latter condition the bulge 
is more prominent on the outer, rather than the inner face of the egg mass (Fig. 
6(3)). In vertical trans-section (Fig. 6(3)) the collar is formed by a monolayer 
of oval egg capsules bordered apically and basally by the attenuated acapsular 
margins. In tangential sections the egg capsules are circular and each contains 
one egg suspended in a large spheroid of clear, firm capsular jelly. 

In some instances the degree of embryonic development at the time of 
recovery varied from capsule to capsule throughout the egg mass causing the 
occurrence of both well developed veliger larvae and eggs in the primary stages 
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of cleavage within the same collar. This differential degree of development was 
not confined to any given area within the collar and the capsules containing the 
early stages appeared quite normal in all respects. 

In formalin-preserved collars, which contained pre-veliger embryos, the egg 
capsule was formed by a thin outer pellicle or capsular membrane which con- 
tained a clear and dense fluid surrounding a large sphere of jelly. This was 
composed of an outer hyaline crust and an inner, dense and laminated white core, 
surrounding a cavity defined by the egg membrane in which the embryo was 
located (Giglioli, 1952). 

In egg capsules containing young veliger larvae (Fig. 11f, g) the white, 
laminated gelatinous deposit was greatly reduced and the fluid contents of the 
capsule increased (Fig. 2( 1b), 6(3a) ). 

In egg capsules containing the post-veliger larva (Fig. 6(1c), llh), the 
precipitated gelatinous contents were greatly reduced or absent (Fig. 2(1c)), 
and the larva was contained in the partly collapsed capsular membrane, sur- 
rounded by varying amounts of clear, dense fluid. 

The development of this species appears direct and lacking a pelagic phase. 
Veliger larvae were recovered in collars collected on Orphan Bank (21-7-1949) 
and off Digby Gut (20-7-1950). Post-veliger stages were observed in the capsules 
of collars collected in St. Ann Bay (24-7-1951). 

The intracapsular veliger is large, measuring 760u across its velar lobes 
and 1000 in length. It possesses two small tentacles, two large and fleshy velar 
lobes fringed by numerous short cilia, a small spatulate foot bearing a small 
triangular operculum on its dorsal surface. There are no eye spots or pigmented 
areas (Fig. 11f, g). 

At first, the transparent shell, which appears to arise from the pari-embryonic 
membrane, is sac-shaped and loosely encloses the visceral mass of the larva, but 
later it becomes more shell-like as it slowly constricts around the viscera and 
assumes the position and shape of the prodissoconch. With the commencement 
of whorling in the visceral mass, a mid-lateral cleft appears on the right hand 
side of the larval shell, this is the presumptive suture between adjacent whorls 
and marks the area of involution which later becomes the columella. Torsion of 
the visceral mass appears to occur simultaneously, but independently from 
dextral torsion of the prodissoconch, because, at the time of incipient whorling 
the shell is not in close contact with the visceral hump (Fig. 11f, g). 

Antero-laterally the larval shell has a conspicuous reflected fleshy margin 
along its leading lip which becomes the definitive pallial edge. 

In older veligers, the transparent larval shell becomes opaque and cream- 
coloured by the proliferation of a granular layer of cells throughout its inner 
surface. 

The post-veliger larvae (Fig. 6(3c), 11h) possess a large (1.1 mm. long), 
well-formed, opaque, white shell with 1% to 2 whorls. None of the larvae ex- 
amined had their soft parts extruded therefore it was impossible to see if the 
velum was still present. However, the large shell with its well-developed, adult- 
like operculum (Fig. 11h), the large egg capsule, and the apparently long period 
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of intracapsular development strongly suggest that this larva is the emergent 
form (capsular jelly exhausted) of the species and that it is not pelagic. 

The large capsules, veliger and post-veliger larvae of this species are similar 
to those described by Thorson (1935, 1946) for Polinices groenlandica (Natica 
pallida), and like this species the larvae of Canadian species A probably emerge 
by burrowing through walls of the egg case. 


The following egg collars are tentatively assigned to Subdivision A (Fig. 13) 


Polinices (Euspira) groenlandica Moller 1842 


(=Natica pallida, Natica groenlandica, Lunatia pallida, Lunatia groenlandica, 
Euspira pallida, Euspira groenlandica) 
(Thorson, 1935, p. 55; 1946, p. 215) 


RECORDED DISTRIBUTION. Greenland to North Carolina, Hudson Bay, North 
Atlantic, North Sea, Kattegat, Sea of Siberia, Barent Sea, Japan and British 
Columbia. 


Natica clausa clausa Broderip and Sowerby 1829 


(=Cryptonatica clausa, Natica borealis, Natica consolidata) 
(Thorson, 1935, p. 57) 


RECORDED DISTRIBUTION. Gulf Stream, Newfoundland, Labrador, Greenland, 
North Sea, Kara Sea and Bering Sea. 


Amauropsis islandica Gmelin 1790 


(=Natica helicoides, Natica caniculata, Natica islandica, Neverita islandica, 
Amauropsis helicoides ) 
(Thorson, 1935, p. 59; 1946, p. 215) 


RECORDED DISTRIBUTION. Massachusetts, Newfoundland, Greenland, Iceland, 
North Sea, Bering Sea and Sea of Siberia. 


Suspivision B. Egg collars possessing a plicated basal margin (Fig. 7, 8) 


Polinices josephinia Risso 1826 
(=Natica josephinia, Maruzza ianca) 
RECORDED DISTRIBUTION. Mediterranean Sea. 


The egg masses described herein were collected by Santarelli in May, 1952, 
in the Gulf of Naples and at Torre Gaeta. Lo Bianco (1909) records the spawning 
season as lasting from February to June in the Gulf of Naples, and records that 
the collars are usually located in shallow waters (3-15 feet). The present speci- 
mens were recovered either in 3-6 feet of water on a sandy bottom in the Gulf 
of Naples or found cast ashore at Torre Gaeta. 
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Ficure 7. Lateral and apical views of egg collars with rigid walls, acapsular borders and 
plicated basal margins: (4) P. josephinia; (5) unidentified Canadian sp. B.; (6) unidentified 
Canadian sp. C. 


There is considerable variation in the size (width from 15-40 mm., basal 
length 113-190 mm., thickness 1.2-1.3 mm. (Table I) ) but little variation in the 
shape of these calles. 

The egg mass forms a truncated cone with thick and rigid walls (Fig. 7(4) ) 
which curve inwards from the basal margin and flare upwards to the apical 
margin. Both margins are acapsular and the basal border of the collar undergoes 
a regular series of low outwardly projecting plications, which, though not very 
clearly defined are characteristic and common to all egg cases of this species. 
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Col. Jel. 





5. 6. 
S25 p. 2200 p. 
Collar & Collar C. 
no larval stages no larval stages 
recovered recovered 
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(b) (b) 
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Ficure 8. Vertical trans-sectiom of collars, and the shells of the emergent larvae from 
collars with rigid walls and plicated basal margins: (4) P. josephinia; (5) unidentified Cana- 
dian sp. B.; (6) unidentified Canadian sp. C. 

Ap. Ac. Mr., apical acapsular margin; Bs. Ac. Mr., basal acapsular margin; Cap. Jel., 
capsular jelly; Col. Jel., collar jelly; Eg. Cap., egg capsule; Em., embryo; Vlg., veliger larva. 


In vertical trans-section (Fig. 8(4)) the collar is formed medianly by a 
monolayer of large (1000) spherical egg capsules and terminally by a narrow 
apical and wide basal acapsular margin. The egg capsules can be seen easily 
when the egg case is held up to the light, but the walls of the collar are smooth 
and do not bulge conspicuously over each capsule (Fig. 8(4a, b) ). 

In all the collars (preserved in alcohol) studied, each egg capsule contained 
one shelled larva and a small white mass of sedimented capsular jelly (Fig. 
8(4a)). 

The intracapsular larva possesses a large (780u long) white shell with 
1% whorls (Fig. 8(4c)); but as none were recovered with extruded feet, no 
conclusive statement can be made on whether they were veliger larvae or not. 
However, when these larvae were cleared with Tetralin (tetro hydro naplhitha- 
lene) and the soft structures observed through the shell it could be seen that 
the larva had a pair of pointed and pigmented tentacles, two eye spots and a 
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well-developed and pigmented digestive tract (Fig. lle). The larval shell 
possesses a well developed columella and deep umbilicus; the aperture of the 
shell is occluded by a large and adult-like operculum (Fig. lle). 

The advanced state of development of the shell, and the large capsule still 
containing capsular jelly strongly suggest that this species, in the Gulf of Naples, 
undergoes direct development in the capsule and probably emerges as a diminu- 
tive adult by burrowing through the collar wall. 


Canadian Species B 
(Fig. 7(5), 8(5)) (Giglioli, 1952, p. 26) 


RECORDED DISTRIBUTION. The egg masses of this species were recovered from 
the Canadian Atlantic seaboard off the Magdalen Islands in the Gulf of St. 
Lawrence (2-8-1949); from Richibucto Bank, New Brunswick (13-7-1951); and 
possibly from Pictou, Nova Scotia (?-7-1948). The tentative Nova Scotia record 
refers to the egg collar figured by Medcof in Larocque (1948). 

The specimens of this collar were recovered from Danish seine trawls and in 
scallop drags made in water 10-18 fathoms deep. 

The egg masses of this species are large (width from 21-41 mm., basal 
length 162-220 mm., thickness 1.8-2.1 mm.) and form a rigid truncated cone 
with thick, steeply sloping sides bounded apically and basally by wide acapsular 
margins. The apical margin is vertical, or nearly so, and forms a flaring crown 
to the collar, while the wide basal margin is regularly plicated to form con- 
spicuous projections when the collar is viewed from above (Fig. 7(5)). The 
large egg capsules (1125 by 2000u) can be seen clearly through the walls of the 
collar, which bulges slightly over each capsule. 

In vertical trans-section (Fig. 8(5)) the egg mass is formed by a single 
layer of large oval capsules terminating in a long and attenuated margin at the 
apical and basal extremes of the collar. In tangential section the egg capsules 
are circular. 

There is only one embryo per capsule. 

The egg capsules (preserv ed in formalin) containing the early embryos were 
bounded by a capsular membrane which contained a hyaline sphere of jelly, 
which grade ed centrally to a denser, laminated core surrounding the _peri- 
embryonic membrane. There were no opaque cream-coloured areas within the 

capsules (Giglioli, 1952). 

No definite statement can be made about the emergent larvae of this species, 
since when the collars were recovered the embryos were still in the early cleavage 
stage (Giglioli, 1952); however, the large capsules, quantity of capsular jelly 
and presence of a single egg per capsule strongly suggest that there is no pelagic 
larva in this species. 


Canadian species C 
(Fig. 7(6), 8(6)) (Giglioli, 1952, p. 29) 


RECORDED DISTRIBUTION. The egg collars of this species were recovered from 
the Canadian Atlantic seaboard off Tignish, Prince Edward Island (15-7-1949); 
and off Pictou, Nova Scotia (?-7-1948, see Larocque, 1948). 
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These two egg masses were recovered from Danish seine trawls and in 
scallop drags made in water 10-20 fathoms deep. 

The collars are medium-sized (width from 21-25 mm., basal length 180 mm., 
thickness 2 mm.) and form a low dome-like structure with thick convex walls 
which bulge gently over each large egg capsule. The acapsular apical margin is 
narrow, regular and smooth. The wide acapsular basal margin and basal region 
of the collar is thrown into a series of regularly spaced, high arch-like plications 
(Fig. 7(6)). 

In vertical trans-section (Fig. 9(6) ) the narrow collar is formed of a mono- 
layer of 5-7 large oval egg capsules (1400 by 2100u) bordered apically and 
basally by thin acapsular margins. In tangential section the egg capsules are 
circular. 

There is only one egg per capsule, and when the specimen collar was re- 
covered the eggs were in a pre-veliger stage of development (Giglioli, 1952). 

The embryos (preserved in formalin) were contained in a clear peri- 
embryonic space surrounded by a large sphere of capsular jelly composed of a 
dense but transparent and haehonted core, surrounded by a clear gelatinous 
perimeter. This in turn was enclosed in the capsular membrane. 

The large capsules containing only one embryo suggest that the emergent 
form of this species is benthonic. 


Other egg masses tentatively assigned to Subdivision B (Fig. 13) 


Natica rufa Born 1872 
(Thorson, 1940, p. 181) 


RECORDED DISTRIBUTION. Gulf of Iran, Red Sea, Indian Ocean, Malaya, Ceylon 
and Nicobar Is. 


Division II. Egg collars possessing thin and flexible walls (Fig. 9, 10) 


Suspivision A. Egg collars possessing a smooth basal margin (Fig. 9(7, 8), 
10(7, 8) ) 


Polinices (Euspira) heros. Say 1822 


(=Natica heros, Natica ampullaria, Lunatia heros, Ampullaria borealis ) 
(Fig. 9(7), 10(7)) (Giglioli, 1949, p. 74) 


RECORDED DISTRIBUTION. Gulf of St. Lawrence to North Carolina. 

The collars of this species are found in Canadian waters from June to August 
and extend from the low tide mark to deep waters. 

The collars have wide, thin and flexible walls, (width from 25-73 mm., basal 
length 202-512 mm., thickness 0.9-1.1 mm. (Table I) ) which assume a character- 
istic sigmoidal curvature (Fig. 9(7) ). 

As the collar ages there is a progressive loss of rigidity in the naturally weak 
walls and the egg case tends to collapse. The base spreads and the walls lie 
parallel to the substratum, while the apical region retains its erect cylindrical 


shape. 
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Ficure 9. Lateral and apical views of egg collars with flexible walls, devoid of acapsular 
borders and with smooth margins: (7) P. heros; (8) P. lewisi. 

Lateral and apical views of an egg collar with flexible walls, devoid of acapsular borders 
and possessing a plicated basal margin: (9) P. duplicata. 


In collars produced by the smaller whelks (15-50 mm. in shell height) the 
numerous and small capsules (630u) cannot be seen through the collar’s smooth 
walls; whereas, in collars produced by old snails (up to 90 mm. in shell height) 
and usually recovered from deep waters, the still numerous, but larger (950u) 
egg capsules are just visible. 

In vertical trans-section (Fig. 10(7)) the egg case is formed by a monolayer 
of small (800) spherical egg capsules. These are distributed to the very margins 
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Ficure 10. Vertical trans-sections of collars, and the shell of the emergent larvae from collars 
with flexible walls, devoid of acapsular borders and possessing smooth margins: (7) P. heros; 
(8) P. lewisi. 

Vertical trans-section of collar, and the shell of the emergent larva from a collar with 
flexible walls, devoid of acapsular borders and possessing a plicated basal margin: (9) P. 
duplicata. 

Col. Jel., collar jelly; Eg. Cap., egg capsule; Em., embryo; Nd. Eg. Cap., nidus of egg 
capsules; Vlg., veliger larva. 


of the collar, which are rounded and form a truncated edge over the terminal 
capsules rather than being drawn out into a thin tapering marginal lamella. 

The egg capsules are very numerous (approx. 127 per cm.*, Giglioli, 1949) 
and each contains many (average 27) small (100u) eggs surrounded by a small 
quantity of a clear dense fluid which does not undergo any pronounced change 
as the embryos develop. The number of eggs per capsule varies within each 
collar and shows pronounced differences from collar to collar. Egg cases have 
been recovered (Fig. 2(1, 2, 3)) where the egg counts range from 2-125 per 
capsule (Giglioli, 1949). All the eggs contained in each capsule develop into 
veliger larvae, there being no reason to suspect the presence of nurse cells as 
recorded for P. catena by Ankel (1930) and Thorson (1946). 

On the tidal flats of the Bay of Fundy and St. Mary Bay, Nova Scotia, the 
egg collars crumble and release pelagic larvae (Fig. llc, d) in one to three 
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weeks after formation (Stinson, 1946; Wheatley, 1947; Giglioli, 1949, 1952). The 
period of intracapsular development is variable, Stinson recorded it in aquaria 
(20°C.) as requiring 10-13 days and estimated its duration in nature as being 
from four to six weeks. Wheatley (1947), while concurring with Stinson’s 
estimate of the average, disagreed with the range. He recorded two observations 
in nature, where collars crumbled 8 and 14 days respectively after formation. 

No accurate estimate of the duration of intracapsular development through- 
out the season can be made, for, like the collars of P. triseriata the rate of matura- 
tion appears to depend on the month of the year in which the collar was formed, 
its location on the flat and the meteorological conditions prevailing at that time. 
During August (Giglioli, 1949) collars are frequently found showing the later 
stages of embryonic development in the capsules around their apical margins and 
earlier stages in the more basal capsules. The latter margin is usually buried in 
the flat or in contact with its damp surface during low tide, and thus is protected 
from fluctuations in temperature and to the desiccation to which the apical 
region is exposed. 

In egg masses found on flats, the larvae are released by crumbling. This 
usually commences along the apical margin and is often accompanied by rupture 
of the walls of the collar, as they sag and rest on the substratum. Crumbling is 
preceded by marginal desiccation of the apical region, during the low water 
period, with the collar becoming a light brown colour along this border. On the 
following high tides portions of the collar are broken off by wave impact. This 
effect progresses basally until the whole collar has disintegrated. 

The emergent veliger larva was described by Stinson (1946), Wheatley 
(1947) and Giglioli (1949), as behaving in vitro like a pelagic organism. This 
conclusion was verified in 1952 by observations in nature when the larva was 
recovered in significant numbers from plankton tows (Giglioli, 1952). 

The horny and transparent yellow shell of the veliger is 130-150u long, and 
at emergence it is not whorled (Stinson, 1946) but possesses a small median 
cleft on its right side (Fig. 10(7c)) indicating the point of incipient dextral 
torsion (Giglioli, 1949). The soft parts are formed by two large velar lobes with 
widely spaced cilia, two small and indistinct eye spots, and an active pointed 
and transparent foot which bears dorsally a small triangular operculum. There 
are no tentacles (Fig. llc, d). 


Polinices (Euspira) lewisi Gould 1847 
(=Euspira lewisi ) 
(Fig. 9(8), 10(8) 


RECORDED DISTRIBUTION. British Columbia to California. 

The collars described herein were collected by Quayle (15-6-1952) at 
Ladysmith Harbour, British Columbia. The egg masses are found from mid-May 
to August, distributed from the low tide mark to deep water. 

The egg collars are very large, with wide thick and flexible walls (width 
from 70-85 mm., basal length 412-560 mm., thickness 2.0-2.3 mm.), which 
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collapse and form a narrow erect apical cylinder supported by a flat and wide 
circular base. 

The walls are smooth and give no indication of their capsular contents, 
even when the collar is held up to the light. 

In vertical trans-section (Fig. 10(8)) the egg case is formed by more than 
one layer of capsules, which, though distributed continuously along the vertical 
axis of the section, tend to occur in definite nidi, or clusters, at regular intervals 
along the cut face of the collar. The nidi are distributed from the basal to the 
apical borders, which round off over each terminal nidus without forming a 
marginal lamella. Under cursory inspection each nidus may appear as a single 
large multi-embryonic capsule, this is partly due to the fact that each is a cluster 
of 4-12 small egg capsules closely packed together in the collar jelly, with few 
or no sand grains in their midst. The individual egg capsule in a nidus is small 
(250 by 200”) and oval containing a single and proportionally large egg. The 
capsular jelly which is greatly reduced is a dense clear fluid. 

None of the egg masses examined (collected in June) contained shelled 
larvae, however, the small size of the capsule and minimal quantities of capsular 
jelly strongly suggest that this species undergoes indirect development with a 
short period of intracapsular development followed by the release of a pelagic 
larva. 


Other egg masses tentatively assigned to Subdivision A (Fig. 13) 


Polinices (Euspira) nitida Donovan 1800 


(=Natica nitida, Natica pulchella, Natica intermedia, Natica poliana, Natica 
alderi, Natica ( Lunatia) nitida, Lunatia nitida) 
(Thorson, 1946, p. 217) 


RECORDED DISTRIBUTION. North Sea, Kattegat, Irish Sea, English Channel, Bay 
of Biscay, Portugal and Mediterranean Sea. 


Polinices (Euspira) montagui Forbes 1838 


(=Natica (Lunatia) montagui, Natica montagui, Lunatia montagui ) 
(Thorson, 1946, p. 219) 


RECORDED DISTRIBUTION. North Atlantic, North Sea, Kattegat, Irish Sea, 
English Channel, Bay of Biscay, Portugal and Mediterranean. 


Natica trailli Reeve 1855 
(Thorson, 1940, p. 183) 


RECORDED DISTRIBUTION. Gulf of Iran, Malacca. 


Natica species A, unidentified Iranian sp. 
(Thorson, 1940, p. 187) 


RECORDED DISTRIBUTION. Gulf of Iran. 
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Natica species C, unidentified Iranian sp. 


(Thorson, 1940, p. 188) 
RECORDED DISTRIBUTION. Gulf of Iran. 


Suspivision B. Collars possessing a plicated basal margin 


Polinices (Neverita) duplicata Say 1822 
(=Neverita duplicata) 
(Fig. 9(9), 10(9)) (Giglioli, 1952, p. 36) 

RECORDED DISTRIBUTION. Massachusetts to Gulf of Maine. 

The collars described herein were collected by Turner at Cape Cod, in 
August, 1950. Their intertidal distribution is similar to that of P. heros collars 
being found from June to August near and below the low water mark. 

The collar has wide, thin and flexible walls (width from 52-60 mm., basal 
length 306-345 mm., thickness 1.0-1.2 mm.) which curve convexly from the basal 
margin becoming concave as they approach the apical region where they flare 
to form an upright cylindrical crown (Fig. 9(9) ). 


P triseriata. 





c NG.o.t 
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Ficure 11. The emergent and pre-emergent larval forms of some Naticidae, showing the 
structure of their shells, soft parts and opercula. 
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The collars’ external features and dimensions closely resemble those of 
P. heros; but differ from the latter in possessing a regularly scalloped basal 
margin. The collar is smooth.and gives no indication of its capsular contents even 
when held up to the light. 

In vertical trans-section (Fig. 10(9)) the small capsules are dispersed 
between the embedded sand grains. They do not occur in clusters but tend to 
follow a “zig-zag” pattern with the capsules alternately located on either side of 
the mid-longitudinal axis of the cut face of the collar. This arrangement usually 
results in an irregular monolayer of egg capsules extending from the apical to 
the basal margins, since there are no acapsular margins. 

The small and oval (190 by 250u) egg capsules contain one embryo sur- 
rounded by a small quantity of hyaline capsular jelly. The capsular membrane 
and jelly are present until the embryo develops into a veliger larva; after this 
they are lost leaving the veliger within the cavity formed by the egg capsule 
and in intimate contact with the matrix jelly and embedded in sand grains. 
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FicurE 12. The recorded distribution of the unidentified naticid egg collars recovered from 
Canadian Atlantic waters. 
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Veligers and early gastrula are found distributed at random throughout the 
same collar. 

The emergent larva (Fig. 10(9c), 11b) has an unwhorled, horny and trans- 
parent shell 180 long with a median cleft at the point of incipient torsion. The 
soft parts are composed by two small lobate tentacles, two large velar lobes with 
long cilia, and a spatulate foot which bears dorsally a small triangular transparent 
operculum. 

Judging from the size of the capsule and its disappearance after the embryo 
reaches the veliger stage, it is most likely that these collars release their larvae 
by crumbling and that the emergent form is pelagic. 


Other egg masses tentatively assigned to Subdivision B (Fig. 13) 


Polinices (Neverita) ampla Philippi 1848 


(=Natica ( Neverita) ampla, Natica didyma) 
(Thorson, 1940, p. 179) 


RECORDED DISTRIBUTION. Gulf of Iran, Red Sea, Indian Ocean, Malaya, Japan, 
China, New Guinea and Australia. 


Natica species B, unidentified Iranian sp. 


(Thorson, 1940, p. 187) 
RECORDED DISTRIBUTION. Gulf of Iran. 


THE PARENT WHELKS OF UNIDENTIFIED CANADIAN COLLARS 


The described egg masses of the Naticidae can be grouped into two main 
divisions (Fig. 13) depending on the degree of rigidity of the collar’s walls. In 
this classification P. triseriata has been taken as the type collar with rigid walls 
and P. heros as the type for collars with flexible walls. 

A study of the ratios between the shell height of the maternal snail and 
the width of the collar produced (Fig. 2(2)) for both species (Giglioli, 1949, 
1952) showed that these are 1:1 for P. triseriata (rigid walls) and 1:1.5 for 
P. heros (flexible walls). It is likely, though speculative, that these ratios are 
applicable to the collars of all the Naticidae, with the possible exception of those 
produced by P. catena. Assuming that this is true, all egg masses with rigid walls 
will show the 1:1 ratio. 

With this relationship as a guide a tentative estimation of the size of the 
maternal snail of the unidentified Canadian egg Collars, which have rigid walls 
can be made as follows: for collar A, from 35-57 mm., for collar B, from 23-41 
mm., and for collar C, 23 mm. shell height. 

In order to find possible parent snails, in this range of size and occurring in 
Canadian waters, Johnson’s (1934) distribution list of Mollusca for the North 
West Atlantic coast was consulted with reference to the Naticidae (Table II). 

Table II denotes the species occurring in Canadian and adjacent Atlantic 
waters, with their maximum recorded size and local distribution. 
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Collar “A"(Conadion sp.)° 


Subdivision es Basal margins plicated 
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Collor "B" (Canadian sp) 


” ° Ce + . 
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Cc 
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" c ” . 
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Ficure 13. A scheme of classification for described naticid egg collars dependent 
external features. 
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DIVIS 10 N 7. — Walls rigid, egg capsules large (900-3000 p) 


Subdivision A. Capsules forming two to four bands. 
Naticg e¢clausg 8B. & S. b. 


Polinices qroeniandica Méller. b. 
Subdivision B. Capsules forming several bands. 


Polinices catena Do Costa.” b. 





« josephinia Risso.” b. 

‘i triseriata Say, ° sp/b. 
Notica tufa Born. 
Amauropsis isiandica Gmelin. b 
Collor “A” (Canadian sp.) ° b. 

e "pg" o - * b 

. “ee ° a b 


DIVISION Ta wots tiexidie,egg copsules just visible to noked eye (600-900 yp) 


Polinices heros Say.® p. 
. amplo Philippi. b. 


DIVISION IT b.— wotis flexible, egg copsules not visible to naked eye { 200-600 ») 
Subdivision A. copsules on single median plone. 


Natica troilli Reeve. p. 





Subdivision B.—copsutes in irreguior zig zog loyer. 


J Polinices duplicate Soy.° p. 
Z nitidg Donovan. p. 
Subdivision C.— capsules on two plones. 
Collor "A" (Itronian sp) p. 
oo » °° ° ° p. 
Subdivision D.— copsuies irregularly dispersed on more then one piene. . 
wor Polinices montagu: Forbes. p. 
Subdivision E. — copsuies grouped. 
Polinices lewisi Gould. . p. 
oo Coller "C” (Iranian sp) p. 
(*Collers described herein.) 


b.— beathonic. p.— pelegic. s/p.— semiplanktonic lerve. 


Ficure 14. A scheme of classification for described naticid egg collars dependent on their 
internal features. Note that Division I corresponds to Division I in Figure 13, and Divisions 
IIa and IIb contain the same species as occur in Division II, Figure 13. 
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TABLE II. 


(Johnson, 1934°). Maximum recorded size and distribution. 


Recorded species of Naticidae found in Canadian and adjacent Atlantic waters 





Genus Species Height Recorded distribution Collars 
described by 
mm. 
Polinices nana 5 Greenland to Block Is., Rhode Island 
duplicata 50 Massachusetts Bay to Gulf of Mexico Gigliolo ’52 
heros 90 Gulf of St. Lawrence to North 
Carolina Giglioli '49 
levicula 49 Gulf of Maine 
triseriata 30 Gulf of St. Lawrence to North 
Carolina Giglioli ’49 
groenlandica 27° Greenland to North Carolina Thorson '35, '46 
immaculata 5 Gulf of St. Lawrence to North 
Carolina 
Natica clausa clausa 30” Labrador to North Carolina Thorson 35 
clausa vittata 25 Greenland 
affinis 33 Greenland 
pulsilla 7 Maine to Gulf of Mexico 
Amaura candida 18 Gulf of St. Lawrence 
Amauropsis  islandica 40 Labrador to Georges Bank Thorson '35, °46 
Bulbus smithi 35 Gulf of St. Lawrence to Georges 
Bank 
glacialis® 23 Jones Sound, Ellesmere Island 


“According to Johnson, the genera Sinum, Eunatica and Gyrodes are not recorded for Canadian 
waters. 

°Odhner (1913) gives maximum heights of P. groenlandica and N. clausa in the Bering Sea as 
40 mm. and 60 mm. respectively. 

°B, glacialis = Acrybia glacialis Thorson 1951, which has been recovered only once and may 
possess a more southerly distribution. 


Of the species whose sizes are listed in Table II and whose egg collars are 
as yet undescribed, the following whelks qualify as possible parents, on the 
basis of the 1:1 ratio: Natica clausa vittata, N. affinis, Polinices levicula, Bulbus 
smithi and B. glacialis. 

There is some similarity between the unidentified collar A, and the fragment 
of an egg mass of Amauropsis islandica as described by Thorson (1935, 1946), 
however, collar A is larger in all respects and is therefore probably the product 
of a different species. 


DISCUSSION 


The collars of the Naticidae can be grouped into two divisions and four 
subdivisions by their external features (Fig. 13). The integrity of Division I is 
still maintained when one groups the collars by their internal features of capsular 
size and arrangement in vertical trans-section, as is Division II (Fig. 14). The 
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subdivisions of these two schemes of classification, though not freely interchange- 
able, aid in distinguishing some of the more similar collars. 

Figure 14 shows the scheme of classification for naticid collars based on the 
internal features by size and progressive arrangement of the egg capsules, from 
the nidi of small capsules (P. lewisi) through the many irregular layers of 
capsules (P. montagui) to the regular monolayer of small capsules (N. trailli) 
and lastly a monolayer of very large capsules (N. clausa). 

Corresponding to this decrease in number and increase in size of capsules, 
it is noted that with the exception of P. ampla all of the species in Division Ila 
and IIb (Fig. 14) possess pelagic larvae; while, with the possible seasonal 
exception of P. triseriata (semi-planktonic larva), all of the species represented 
in Division I (Fig. 14) possess benthonic larvae. 

The egg collars of P. catena remain an anomaly; apart from being the only 
known species of Naticidae with nurse cells (Ankel, 1930; Thorson, 1946) its 
thick and rigid walls, large capsules and benthonic larva place it in Division I 
in the present scheme of classification. However the lack of acapsular margins 
and the multi-embryonal capsular contents are characteristics of Division II. 
Thus, though it has been temporarily placed in Division I, if the present scheme 
is enlarged as more egg masses are described it may prove possible to establish 
another division based on the characteristics of P. catena. 

Thorson (1940) records that multi-embryonic capsules are common only to 
P. catena and his unidentified collar produced by Natica sp. C, from the Iranian 
Gulf. This observation is erroneous, for in his Figure 13 (Thorson, 1940) it is 
clearly shown that the collars of Natica sp. C (Iranian sp.) contain nidi of many 
small (5-10 or more) mono-embryonic capsules as in P. lewisi (Fig. 10(8)) and 
not one large multi-embryoni¢ capsule. Indeed the only other described egg 
collar, comparable to P. catena in possessing many embryos within the same egg 
capsule, is P. heros (Fig. 10(7) ). 
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